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ENGINEERING DATA RELATING TO HIGH-TENSION 
TRANSMISSION SYSTEMS 


SUB-COMMITTEE REPORT PREPARED BY THE CHAIRMAN 


npilb present report is au analysis of the engineering data re¬ 
ceived from 25 power companies, operating high-tension 
transmission systems, in answer to a printed list of questions 
prepared by the High-Tension Transmission Committee of the 
year 1012-1913, and sent by that committee to 105 power com¬ 
panies operating at 25,000 volts and over. 

The present Engineering Data Sub-Committee has received 
the replies to these questions and has analyzed the data therein 
contained as hereinafter presented. In making this analysis, 
the main purpose has been to present, as far as feasible, the 
data having general interest in a form which shall at the same 
time be compact and easy of assimilation. A considerable 
part of the data which is statistical has been consolidated in 
tables which show in parallel columns for the several reporting 
companies various items of interest returned. A second por¬ 
tion of the data received could be presented more intelligbly 
under the various topical headings to which it related, and has 
boon so offered. As a matter of convenience the reporting com¬ 
panies have been listed, with a brief statement as to the char¬ 
acter of each plant and an abbreviation of the title assigned 
to it for the purpose of identification, to avoid the reprinting 
of the full names of companies a largo number of times in the 
body of the report. In addition to the listed data, the com¬ 
panies have furnished a large number of blue-prints, drawings 
and maps, many of which contain valuable designs and construc¬ 
tional details. Much of this material has been reproduced 
in the form of cuts at the end of the report. To faciiitate ex¬ 
amination and to economize space most of this matter has been 
redrawn to present the salient information free from non¬ 
significant detail. Where useful, dimensions and similar data 
have been given in the reproduced drawings. 
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fij a h t wf? l ep °f S returned from the companies will be on 
f. J nstltut ® headquarters and open to the inspection of any 
nstitute member, should further details be desired. Further- 

“dX^ofth hSt ° f T Pa f S bd0W ^ giv6n the name and 

. e person by whom the report was submitted, and 

it is very possible that further information with regard to the 
apparatus or practise of that company referred to in this report 
could be obtained by direct application to such person 
-Neither the Engineering Data Sub-Committee nor the In- 
s 1 ute assumes any responsibility for the correctness of the in- 

WveTt^ rePOrt f d ‘ THe Sub ‘ C0mmittee has endeavored, 
ofered E ^ and fEir rep ° rt ° f the inform ation 

The sub-committee wishes to express its thanks and appre- 
cia ion for the freedom with which companies have reported 

s a oml attft ? oV ^ ioa f ° r the large amount of P«- 

nal attention and thought which was required on the part 

of n SP T- tmg ? ngmeerS t0 answer the ver P comprehensive list 

shoSd mcei WaS . S f mitted ' Certain reports in particular 

ould receive especial mention as showing an unexpected 

amount of painstaking description and discussion of some of 

the most important and delicate problems confronting high- 

teaaon tnmsnusrron engineers. The sub-committee believes 

2Lt M 7b 1S °? e f “ en « s “ d Practise herein set forth 

tainlv be f ^ f maCh Value t0 the P rof ession and will cer- 
y o great assistance to those engineers having high- 

ension p ants to establish who have not the time and 

opportunity for the extended research that is necessary in the 
case of plants of the first magnitude. 

LIST OP REPORTING COMPANIES 
100,000-VOLT GROUP 

Mississippi River Power Co., (Miss. P ) Keokuk T« ct r • w 

Stone & Webster Eng. Corporation k ' Ia - St 'Louis, Mo. 

presents'th* retttX ? Bd C0Ver a double line electrification. It re- 

is recently 

°t EA T ^ ESTERN PoWER Co - ( Gt - W’n. P.) California 

Cal. anSC ° m ’ Asst ’ t0 the Resident, 233 Post St., San Francisco, 

acSs%t t sta r te U o r f n r d ,rh Ver f ^ Capadty trunk line electrification 

has been operating several years. ^ " 6 reP ° rt ™ S plant 
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Yadkin River Power Co., (Yad. R. P.) North Carolina 
R. J. McClelland, Chief Engineer, Electric Bond & Share Co., 71 
Broadway, New York. 

The data returned cover a trunk line electrification of medium ca¬ 
pacity, connecting a large hydroelectric development supplementary to a 

previously existing system, and is but recently finished. A valuable 
report. 


Pacific Gas & Electric Company, (Pac. G. &. E.) Central Cali- 
forma. San Francisco. 

This is one of the largest, oldest and most diversified companies in 
the country. 


lector St 


Chile Exploration Co., (Ch. Ex.) Chile. 

Percy H. Thomas, Consulting Electrical Engineer, 2 
New York. 

This line, which is not yet in operation, is a large capacity trunk line 
for supplying power for operating a very large copper mining develop- 

notPw mClU t mg the electncal refi ning of the metal at the mine. It is 
notable as transmitting power from a power-house at the ocean to a 
mine at an elevation of 9000 feet. 

*°T, ° ne co “ 1 P an y (“X”) did not wish its name used. It is a 
large system m a bad hghtmng district. It has a very large widely 
distributed power load. * k ' ly 


85,000-VOLT GROUP 

M Mexico. LlGHT & P0WER C °" (MeX - L ' & P ’> Necaxa to the City of 

, The daterltur^rT 1 Manager l A P artado 124, bis., Mexico, D.P. 

1 ata returned cover a number of transmission M 

arge system which collects power from a numhTnf . vur >’ 

distributes it over a wide range of ternary T has 1 ^ 

mg f ° r a number of y-rs. A very full and useful report <,,K ' rat ' 

Appalachian Power Co., (Ap. P.) Bluefields, W.Va. 

This thant h'1 16 6 ’ Blaokwe11 & Buck - 49 Wall St., New York 
inis plant, which is very modern illusfr'.ift, , , ’ 

tribution of power in moderate quantities to a diLributcdTyr T 
been operating but a short time. A valuable report has 

Southern Sierras Power Co (Sou S P \ q + t 
fornia. [ Southern part of Cali- 

T , R ’ F* Manifold - Engineer, Riverside, Cal. 
the data returned cover a hioh-vnl+o 
long-distance transmission ODeratb • S construcllon Jot an extremely 

existing system of large extent It onT , COnjanctl °n with a previously 
than ultimately contemplated. A fahJSe at * V ° Uage 

Pennsylvania Water & Power re, ' 

City of Baltimore. ’’ ^ a ‘ W ’ Holtwood to 

Tie ^"Te’evv"^;- 

*** li2h,ninE ai,triot ' ™“ vinB 
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hanna River hydroelectric development. The engineering of this line 
has been particularly carefully worked out and the report is especially 
full and valuable. 


and 
a 


60,000-VOLT GROUP 

Washington Water Power Co., (Wash. W.P.) Washington. 

O. P. Uhden, Chief Engineer, Spokane, Wash. 

The data returned cover a new trunk tower transmission line a 

also standard 60,000-volt wood pole construction. This is part uf 
very large and widely distributed system. A valuable report. ' 

Toronto Power Co., (Tor. P.) Ontario'. Canada. 

P. G. Clark, Chief Engineer, Toronto, Ont., Canada. 

This is a large-capacity trunk line through a bad lightning dis 
tnct, from Niagara Falls to Toronto. A good report. 

San Jgaquin L r GH T & Power Corp., (San. J. L. & p.) California. 
Lioyd N. Pearl, General Superintendent, Fresno, Cal. 
is is a widely spread distribution system using wooden poles in tin 
Southern Central district of California. A particularly dry climate. 

Niagara, Lockport & Ontario Power Co., (Niag. L. & O.P.) West¬ 
ern New York. 

L. C. Nicholson, Marine Bank Building, Buffalo, N.Y. 
ihis is a double trunk line through the western part of New York 
Sta e m a very bad lightning district. This plant has been in , " raT^ 

IXblTrepTT and itS engiaCering haS bee “ carefully studied. 

Portland Railway, Light & Power Co., (Port. R.L. & p.) Oregon 
Th °' B : Coldwe11 ’ General Superintendent, Broadway, Portland Ore’ 

Southern California Edison Co., (Sou. C.E.) California 
J. A. Lighthipe, Los Angeles, Cal 

c,r ‘ * ““ 

Uc#T * Po ™ c »- Kha. v.R.r.. * 

Eau Claire, Wis. 

W ”“1 S C.T ' <*• Sl '“- 0-*A, California. 

csLif wry;,;" Scr.r,y" rib “ , “ •—»<*** 

TohTi S 'R UND i TRACTI0N ’ Light & Power Co. (P. s T L & P 1 w 
John Hansberger, M. T. Crawford, S C L n d<LT T.f 0 J W f h * 
The data returned cover a • Lindsay, Seattle, Wash. 

around Seattle, with modern transmissionTneT" A ^ 

as been m operation for a number of years ’ A P - ° f the P lant 

Gity of Seattle Ltg. Dept. (City S L Dnt h n 

v y ■ g. Upt.J J.D.Ross.,Seattle, Wash. 
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25,000-50,000-VOLT GROUP 

Utah Light & Railway Co., (Ut. L. & R.) Utah. 

O. A. Honnold, Electrical Engineer, Salt Lake City, Utah. 

The data returned cover a portion of a very extensive system center¬ 
ing around Salt Lake City, Utah. 

Canadian Niagara Power Co., (C.N.P.) Niagara Falls, Canada, and 
Buffalo. 

L. E. Imlay, Superintendent, Niagara Falls, N.Y. 

The data returned cover'a trunk line from Niagara Falls, Canada, to 
Buffalo. It represents four heavy capacity lines, partis of which have 
been in operation a number of years. 

Mt. Whitney Power & Electric Co., (Mt. Wh’y. P. & E.) Cali¬ 
fornia. 

Fred G. Hamilton, Superintendent, W.D., Visalia, Cal. 

A transmission distributing company located in irrigating district of 
Central Southern California. 

Union Traction Co. (Urn T.) Indiana. 

G. H. Kelsay, Anderson, Inch 

The data returned cover construction of an interurban electric rail¬ 
way system of wide extent. 

Tables 

Tables I to V, inclusive, herewith, give statistical information 
as to. the several companies and are self-explanatory. Where 
the information submitted has been too extended to incor¬ 
porate in the table, it is given in the following notes. 

NOTES REFERRED TO IN TABLES 

N °T. E are turned by shortening standard spans and taking only part of angles 

exceeding 10 deg. on any one pole. Below 10 deg. the following table is used: 


Angle 


Span 



0 deg. 
2 
4 
6 
7 

8 * 

10 


600 ft. tangent. 
500 
400 
300 
200 
100 
50 


On angles over 50 deg. the last tangent span is made 300 ft.—the first and last angle 
each S ^ 50 ft ’ Wlth atl anglS 5 deS ” and subsec l uent s P ans are 50 ft. with 10 deg. angle 
Vertical angles are similarly handled. 


Note 2. Right angles and heavy angle corners 
poles, Fig. 6, —angles under 10 deg. turned 
from 10 to 30 deg. are made on two or more poles, 
structed except as to guying. 


are turned by specially guyed dead-end 
by standard poles guyed, and angles 
Vertical angles are not specially con- 


Note 3. Mex. L. & P. reports that the altitude is important. Gaps are set as follows — 

8100n a ' alt ‘ tude | 9o ,° ft - ™ ltase 8r> ’ 000 . sap 6 in.; El Clro, altitude 8000 ft., voltage 
81,000, gap 6 in.; Pachuoa, altitude 8000 ft., voltage 84,000, gap 7 in 
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Note 4. Lumping together total interruptions and'partial interruptions, and in the 
latter including even minor losses of load,such,for instance, as a direct-current breaker on a 
synchronous motor-generator set opening up, although the synchronous apparatus holds 
in, we have the following percentages:— 


Lightning.50 per cent 

Distributing cables.25 “ 

Miscellaneous.25 “—including buzzards 

on transmission line, 
operators’ faults, and machinery 
. breakdowns. 


Note 5. 


Note 6. 


Floods and washouts on line. 50 per cent 

Pole tops burning off or failure of insulators... 25 “ 

Errors,, in operation..... 

Malicious interference. 

Lightning. 

Wind, rain, sleet, etc., 

Interference. 

Errors. 

Miscellaneous. 


70 per cent approx. 
10 “ 


10 


Note 7. a. 1907—1912, possibly 10 or 12. 

1912, possibly 10 or 12. 

1913, possibly 5. 


It is almost impossible to tell whether these insulators were punctured resulting in their 
breaking, or whether they cracked due to a spill-over and then punctured. With the new 
insulator or Hirt type very little damage can be done by spill-over, 

b. From 1907—1912, about 150 insulators lost. 

1912—about 75 insulators lost, and about 200 others changed on account of 
cracks. 

1913, about 200 insulators changed on account of cracks and probably 50 
insulators lost. 


Note S. The telephone system is protected by:—* 

a. A No. 8 steel ground wire carried on the same crossarm as the telephone wires, and on 
the side toward the transmission line. 

b. Drain coils at terminals and at the two substations. 

c. Vacuum arresters and spark gap at all telephone stations permanently connected to 
line. Aluminum cell arresters at terminals and at Hulls substation. 

d. Insulating transformers at power house and substations. 


Note 9. Telephone wires transposed according to “A”, system, 

transposition between pairs; “B” and “C” transposition between wires of each pair. 


‘A 1 * 


Note 10. No standard distance for transposition. Our 28-mile two-circuit tower line 
has three complete cycles in each circuit. The majority of pole lines have a transposition 
every mile (one cycle every three miles). Where our high-tension lines parallel foreign 
telephone or telegraph lines, transpositions are made ev6ry 1 /3 mile. 


Note 11. Long fuses (30 inches long) with'spark gap to ground. At all stations 
“ bleeder ” coils with middle point grounded are installed. Operator must stand on in¬ 
sulated platform to use telephone. 

Note 12. Reactance coils are used in main low-tension buses in the power house between 
groups of generators. 


Note 13. Between the low-tension bus and the transformers at the power house, and 
between certain sections of the bus at the power house and at the substation. 

Short-circuit current on transmission line at full voltage in power house, right outside the 
power house, is about 5 to 6 times normal full load current at start. 
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Without these reactances the starting wave of the short-circuit current at the same point 
would be about 8 to 9 times full load current. 

No objectionable features. These coils have been in service all year 1912 and 1913. 

Note 14. The coils will be located between sections of 12,000-volt generator busbars and 
will limit the flow of current to the capacity of the bus section which it protects. 

Note 15. Coils will have 6 per cent reactance, and will be placed close to terminals of the 
12,000- and 15,000-kw. steam turbines. 


Note 16 . The factor of safety of new poles is entirely up to the judgment of the 
designing engineer, and depends greatly on the climate, kind of soil and economic con- 
ltions. Our towers were built to stand if all conductors were cut on one side, and no 
allowance was made for the tendency of the ground wires to support the tower. 


Specifications for Towers. 

Each crossarm will be sufficiently strong to withstand a horizontal strain in any direction 

applied at the end of the crossarm of 5000 pounds; and a vertical strain applied at the end 
of the crossarm of 1000 pounds. 

Each ground wire support will be sufficiently strong to withstand a horizontal strain in the 
direction of the line of 8000 pounds and a vertical strain of 1000 pounds. 

Each tower will be sufficiently strong to successfully resist the turning moment due to the 
application of a horizontal strain in the direction of the line of 5500 pounds applied at 

onnn p0int ' support of either S round wire; also of a horizontal strain in any direction of 
3000 pounds applied to the points of support of any three of the conducting wires. It will 
also be sufficiently strong to successfully resist an overturning due to a strain parallel with 

aaa 6 ° f 5 j°° P ° Unds applied at the points of support of the two ground wires or a total of 
11,000 pounds; also to a strain at right angles to the line of 5000 pounds applied at the points 
of support of the two ground wires or a total of 10,000 pounds; also to a strain of 9000 pounds 
m the direction of the line, which load will be considered as concentrated at the intersection 
of the middle crossarm and the center line of the tower, and simultaneously a horizontal 
strain of 500 pounds at the points of support of each of tjie six conducting wires and two 
ground wires or a total of 4000 pounds, which strain will be in a direction transverse to that 
of the line; also of a stress of 12,000 pounds applied horizontally at center of gravity of wires 
either at right angles or parallel to the line. Accompanying the above mentioned 
horizontal stresses will be a vertical downward strain of 500 pounds applied to each of 
the supports of the six conducting wires and two ground wires. 

In addition to the above specified stresses each tower will be subjected to stresses due to 
?s and to a wind pressure in a horizontal direction of twenty pounds per square 

foot on the superficial area of the tower. The strength of each tower will be sufficient to 
resist the combined action of all of the above stresses without permanent distortion. 

.. 17 ' Old insulators assembled test 120,000 volts for 1 min. New insulators, each 

disk tested with a low capacity transformer having steep wave front for 2 min. of continuous 
static discharge over insulator. Strain insulators same test. 


Note 18. A special test tower was constructed and tested with following tests and all 
towers were built as duplicates of test tower:— 

Test No 1 A horizontal pull of 12,500 lb. in a direction parallel or at right angles to 

the lines will be applied at the intersection of the middle crossarm and the center line of 
the tower. 

Test No. 2 A horizontal pull of 4,000 lb. in a direction parallel to the line and applied 
at the ends of any two crossarms (aggregate pull 8,000 lb). 

Test No. 3. A horizontal pull of 6,000 lb. in a direction of the line applied at the end of 
any crossarm. 

Test No. 4. A vertical load of 1,500 lb. applied at the end of any crossarm. 

The tower must withstand the above force without permanent distortion in any member 
and if such distortion should take place the contractor must replace such members with 
others until the tower successfully meets the requirements of the tests. 

All of the standard towers covered by this contract must then be constructed strictly in 
accordance with the design and sizes of material contained in the successful test tower. 
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Note 19. On three of the present four 22,000-volt circuits from Niagara Falls to Buffalo 
on the Canadian side are in use electrose insulators which have been in service a considerable 
number of years. The fourth line which was installed in 1912 also uses electrose insulators 
but of a radically different design planned to be puncture-proof in severe impact tests. Test 
and forms of these insulators are described in the Trans. A. I. E. E. f p. 2121, Vol. XXXI, 
meeting December 1912. 


Note 20. Winds, floods, fires, etc.35 per cent 

Interference, blasting stumps, etc. ....20 “ 

Lightning,. 5 * 

Failure in equipment or insulators,...15 “ 

Miscellaneous and unknown. 25 tt 


Note 21. The foundations of towers consist of 7-ft. legs with foot piece, the whole 
generally loaded with stone and well backfilled. 

Note 22. Material of insulators porcelain with slate glaze. (Slate glaze shows up 
arc smoke marks better than brown glaze and attracts the attention of gunners less, but 
does not show up broken petticoats as well). 

Note 23. The towers were built for two ground wires, but only one ground wire located 
on apex of tower was erected. This makes the horizontal spacing from ground wire 
to conductor 7f ft. and the vertical spacing 7£ ft. 

Note 24. All standard towers set on earth stubs, while the heavy towers are set in 
concrete. 


Topical Treatment 

A large number of comments made by the various reporting 
companies on a number of topics of especial interest to engineers 

are here grouped together under their appropriate subjects as 
follows: 


Long Spans (Question A- 19 ) 

The following notes of interest were returned: 

Miss. P. Longest span with standard tower and conductor 
1425 ft. 


The maximum span used on this line is 3200 feet, and occurs 

at the crossing of the Missouri River. This and other long spans 

are shown in plan and profile on the accompanying drawings. 

(Figs. 30, 31 and 33.) The conductor cable in these spans 

consists of a f-in. high-strength galvanized 19-strand steel 

core overlaid with 20 strands of No. 10 .13. & S. gauge hard 

drawn copper wire. The cable is filled with a compound 

for the exclusion of air and moisture. Each circuit is carried 

on a single tower line, conductors in a horizontal plane, spaced 

20 ft. apart, with two ground wires 10 ft. abovl at point of 

support. These river ciossing towers were especially designed 

and vary in height from 60 to 230 ft. above foundations. See 
drawings. 

Gt. Wn. P . One span 2300 ft. on special towers; one 2740 ft. 
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with No. 000 B. & S. “ Minot ” stranded wire; conductor bal¬ 
anced by counterweights to give uniform tension—Pigs. 3 and 4. 

Mex. L. & P. One 1400 ft. with a difference in elevation of 
350 ft.; cable size, and towers standard. 

Pa. W. & P. Longest span with standard conductors and 
towers 1280 ft. Longest span 1800 ft. with No. 0000 B. & S., 
7-strand hard drawn copper and towers 115 ft. high over all 
above foundations. Span sag 120 ft. (6.7 per cent). Distance be¬ 
tween conductors, vertically 10 ft., horizontally 15 ft.—Ground 
wires above conductors—no trouble. 

City S. L. Dpt. Longest span 780 ft. standard double-pole 
construction. 


Wash. W. P. One 1500 ft., 1-in. " Siemens- Martin ” 
as conductor. 

San. J. L. & P. Span across Kings River at Piedra, six 3/0 
aluminum cables, carried about 1700 ft. across river and an¬ 
chored on hillsides to cedar poles. Two sets of three wires 
each are attached to two poles, wires in a vertical plane six ft. 
apart and attached to poles with two Locke No. 273 strain 
insulators. Guys are placed for each wire and run to anchorage 
m rocks^ About 200 ft. sag is obtained with wires clearing river 
about loO ft. All wires swing in unison in a high wind and no 
trouble has been experienced. 

Niag. L. & O. P. See drawing, Fig. 34. 

C ' N \u F \ T- See drawin S- Fi s■ 8. The transmission line 

2192 “ from ^i?n * T ^ Buffel ° Wh6re there is a S P“ of 

tower on the t ? Wer ° n the American side to a 202-ft. 

thHame 1 ! ^ T^ . The to P s of ^esc towers arc at 

Of TToTw 1 If The lme 13 then carried over the village 

of Port Erie with a span of 1667 ft tn o a . 

Hill Th P tnn ^ +!,■ 7 t0 a 61 ' ft - towcr on Bertie 

tower tL r er ‘ S 107 £t ' bd0W th »‘ ‘he high 

ft IS ft 7TT7 f° f the “““ “ho- river 
tri»de, and 77,7 « «nmw«l on 15-ft. 

The ,w7 , . ' J 1 ' 1 ' tower on 10 -£t. triangles, 

the twelve conductor-cables are mik im nf in , , ' 

No 10 B Sr q „„ , • e maae U P of 19 strands of 

54oo\r T tis s 7s^rc c corant n h are st r scd tn 

the Buffalo and Berfte Hill’tower The'counteSr “• 
supported by steel cables which run over sheaved (t tkf t„p7 

e owers and are connected to each bi-metallic cable thro, mb 
two Pane of spool i„ s u,at„rs. Drop cables pass d„w7“d t£r”* 
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the tower to the Buffalo terminal station and on the Bertie 
Hill tower to the busbars. The busbars and switches are so 
arranged that any circuit on the pole lines can be connected to 
any circuit on the long spans. At the high" tower, the cables 
are connected to galvanized iron chains which rest on insulated 
saddles and extend about 13 ft. on each side of the tower. Jumper 
cables are carried over the saddles. 

In addition, spans of 800 and 1435 ft. were reported by ottiei" 
companies and no cases of trouble. 

Special Features of Construction (Question A-20) 

The following notes relate to special features of interest in 
construction: 

Ap. P . All suspension insulators are ballasted with 30-lt>. 
cast iron weights. (See Part I of this volume of Transaction's ? 
page 133). 

Port. R. L. & P. Experience has shown that it is cheaper* 
and quicker to erect steel towers in position from the ground up. 

Anchor Towers on Tangents (Question B-13-15). 

The following reports were made on the use of anchor tower's 
on tangents: 

Miss. P. Approximately every mile. 

Gt. Wn. P. Average every two miles—designed to stand 
with all wires cut. 

Ap. P. Two per mile designed to stand with all wires cut:. 

Sott. S. P. Every five miles, designed for 24,000 lb. 

Pa. B . P. At least every fifth tower—on average five to 
mile. 

San J. L. & P. Poles guyed both ways every half mile, will 
stand with three conductors cut. 

Niag. L. & O. P. Every mile on steel towers; every half mile 
on A frames; all to stand with all three conductors cut. 

Sow. C. E. No , use line guys. 

Ut. L. of R. Every lj to 3 miles, according to wind condi¬ 
tions, designed to stand 7000 lb. at center crossarm in additioxx 
to stress on regular line towers. 

C. N. P. Only at two ends of line and two intermediate 
curves; designed to stand all conductors cut. 
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Deterioration- (Question A-25) 

The following interesting notes on deterioration were received: 
Gt. Wn. P. Slight rusting where towers were not properly 
galvanized. Wires corrode. 

Yad. R. P. Line.two years old—no deterioration noticed. 
Pa. W. &P. No deterioration observed upon examination of 
buried portions of galvanized towers. One particular set of 
gusset plates near top of tower showing signs of rust during 1913; 
no rust or deterioration elsewhere. No signs of deterioration 
in conductors. Insulators both on transmission line and in 
stores showing deterioration, due possibly to temperature ex¬ 
pansion effects. About 4 per cent of insulators examined 
show such deterioration, not due to electrical causes. 

Wash. W.P. We have noted no deterioration in conductors. 
Some insulators placed in service in 1904-1906 indicate that they 
may have deteriorated, but as the manufacture of porcelain at 
that time was far less efficient than now, no results of long 
time tests on those would indicate what will obtain on the ones 
of later manufacture. Towers were placed in 1910, and no 
detenoration has been noticed. 

Tor. P. Except for some deterioration of ground wire and 
hemp core of conductor, no deterioration noticed. 

San J. L. & P. No deterioration noticed as yet— 60,000-volt 
system in use only three years. 

Nmg. L. &■ 0. P. Galvanized towers develop rust spots in 
about seven years. Insulators to some extent deteriorate by 
puncture of an occasional skirt. No noticeable deterioration of 
cable except by occasional burning by arcs. 

Port. R. L. & P. The transmission line has been in service 
less than two years and we have, therefore, no observations of 

deterioration except in the matter of insnlnfm-o m u • , 

a A; ., ln s>ulatois, there having been 

a^^rable number of failures in suspension insulators and 

S u ?r e the line was p ut in scrvi ^- 

narnL t Insulator shells crack, presumably due to ex- 
pansion of cement or steel pin. 

% V 'J \; L 'S P A ! nsulators give more trouble with age. 
i n this dLt. P “ h Carb ° ni “ d 1-t 10 years 

origrdaf msWMo ns Pr °lt r fT" ° f WOrc 

painted everv i , mstallatlons - Steel towers have to be 
painted every two years, if not galvanized. Cedar Doles mt 

off at the ground in from 15 to 20 years. 

City S. L. Dpt. Poles rot at ground line. 
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Deflection of Suspension Insulators (Question B 20-21) 

As to how much angular deflection of conductor was assumed 
under wind conditions and how much was actually observed, 
the following data were reported: 

Miss. P. 26 deg. 45 min., with | in. ice, assumed. 

Gt. W’n. P. 45 deg. assumed. 

Yad. R. P. 45 deg. assumed. 

Ap. P. 30 deg. on swinging of strings; held down by 50-lb. 
weights. 

Sou. S. P. 45 deg. assumed—45 deg. observed on swings. 

Pa. W. & P. Approximately 60 deg. Probably never more 
than 30 deg. angular deflection from vertical due to wind observed 
under either steady wind conditions or swings. No good records 
on actual angular deflection. Conductors do not swing vio¬ 
lently, and angular deflection is not the same at all points in a 

span for one conductor, but is the same for all conductors. 
See drawing, Fig. 54. 

Wash. W. P . 50 deg. assumed, 36 deg. observed. 

Ut. L . Sf R. 60 deg. from vertical assumed, this value ob¬ 
served in swings. 


Design Factors of Safety (Question B-22) 

As to the factors of safety provided in conductors, towers, 
against overturning foundations, and overhead ground wires, 
the following data were reported: 


Miss. P. Conductors 2, towers 3, foundations 2, ground 
wires 2. 

Ct. Wn. p. Conductors 2, towers 2, foundations 3, ground 
wires 3. 

Yad. R. P. Conductors 25,000 lb. per sq. in. 

■ Mex. L. Sf P. Conductors 2 and 3, foundations 1.5. 

Ap. P. Conductors 2, 3, towers 2, foundations 5, ground 
wires 10. 

S ° U \J' p ' _p onduct °rs 2.5, towers 1.7, foundations 1.7. 
Pa . of P. For conductors (alum.) up to elastic limit—towers 
tested for mamum designed strength at factory-foundations 
practically 4—ground wire just up to elastic limit. 

Wash. W. P For conductors elastic limit, for towers 1, for 

Sew ofS nS f fl 0 P d L TheSS faCtOTS are taken in 

ve J severe maximum load conditions assumed were 

San. J. L. & P. For conductors 6, for poles 3. 
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Niag. L. & 0. P. For conductors 1 (elastic limit), towers 2, 
foundations, 2. 

Sou. C. E. For conductors 22,000 lb. per sq. in working 
stress. 

Ctiy S. L. Dpt. Factor for conductors of 3 over elastic limit. 

Overhead Ground Wires as Part of Structure 

(Question B-23) 

In answer to the question as to whether overhead ground wires 
are relied upon as part of the line structure most of the com¬ 
panies replied no, but the following comments were received. 

Yad. R. P. Yes. 

Pa. W. &P. Ground wire gives some stiffness lengthwise of 
line, damping longitudinal vibrations of towers, but is not relied 
on as part of the mechanical supporting structure. 

Ut. L. & R. No, but it undoubtedly acts as a guy wire. 

Cutting Out of Load (Question C-l) 

A loaded circuit is usually cut off by an oil switch, sometimes 
on high tension, sometimes on low tension. The following 
replies are noted: 

Gt. Wn. P. Drop generator load and open generator oil 
switch on low-tension side. Do not switch on high-tension side. 

Yad. R. P. (a) Reduce voltage 60 per cent and then open 
low-tension oil switch, (b) Open low-tension oil switch at full 
voltage, (c) Open high-tension oil switch at full voltage. 

Mex. L. & P. Cut out sections of line one at a time loaded 
or unloaded. Experience shows that this method gives less 
trouble from surges on oil switches and switch bushings. 


Opening Short Circuit. (Question C-2) 

To open a short circuit that holds on, the following companies 
reduce the voltage of the generators: 

Miss. P., Gt. Wn. P., Sou. C. E. } C. N. P. 

Note also the following comments: 


The py° elect ric plants are tied in by non-auto¬ 
matic switches on the low-tension side while the steam plant has 

The r w k rt TOthdefimte l imelimitrelayS ° n the low -tension side. 

r, . g ." ^ nS1< ? n swltches ln main tower line are of the 

Bowie air-break type and are non-autoinatip Ac , , 

at r^rPQPnf t / . automatic. As operated 

at present, when short circuit occurs on tower line, the steam 
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b ?i! ke ? ^ Southern end of the system of trouble, 
eavmg the. steam station with all load in that territory. The 

for loo a “„r„ft“ble hen dr ° P TOltag<! ‘ 0W Val “ “ d ^ 

t ^ Separate main system into sections and cut out 
step-up transformers on high-tension side. 

Automatic Overload Relays (Questions C 3-8) 

parts ° Verl ° ad relays are generally used, and in many 

S S ° f . the vanous ^ stems - The majority are definite time 
limit or inverse time limit. 

ov^dTndl 86 ?^ 5 ^ fr ° m 100 per cent t0 300 P er cen t 

ad, and the definite time limits from \ to 10 sec 

greater tilTT C °“ pan f® use 0verload relays of progressively 
Miss P TT dlStabuted from the load *0 the generator, 
to out a + USG mVe ” e W Hmit Somatic overload breaker 

busbars gr ° UpS generat0rs on tlle ^.000-volt generator 
L ‘ ^ P - and Sou ■ C. E. report success with this 

epo7oUiar: : ^ * P '' MeX - L • and ^ W 

report partial success. 

Pci. W. & P. Automatic overload circuit breakers are used in 

"arCersfA T^ Statio * 

mission Hues i P™* ** and substation . and trans¬ 

circuit breakerT w 33 however - not the high-tension 
131 breakers ’ but the lo^-tension circuit breakers of those 
ti ansformers connected with the line being opened 

timLlwl° n rl h 13 f °- VOlt Cable *«!«, - use inverse¬ 
time relays’ T 6 transformers and transmission line, definite- 

ourlsmo llTe 33 CUrre f f ° r the rdayS C ° nnected with 

cable raW 333 “ °° PGr Cent ° verload ’ based °n 

trio in ! 1 g ’ r ° 0 ' 1400 Per Cent ° verload these relays will 
trip m 1 sec. (inverse time). J 

ni b) Th , e relayS f ° r the sub£tati °n transformers are reverse- 
power relays S et to trip at-50 per cent overload in reverse 

(crThe a low?rT Cted + With f a three ' SeC ’ definite time element - 

ovLLdVeTdSe Sf ^ ^ ‘ rfP a ‘ U0 « 

Time-element relays are normally used with progressive trains 
of the elements. This refers particularly to the X s(3 
“ ed for the 13.000-v„l, a-e. underground cabU s^S “ 
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Baltimore, of which a part belongs to the Pa. W. & P. Co. and 
a part to our customers’ distributing systems. The larger part of 
the relays for this system are Type C Westinghouse overload 
inverse-time relays improved by F. E. Ricketts’s compensating 
coil, which produces a relay curve with less steep characteristic 
and for heavy overloads can be brought to approach a definite 
time. Both tests and experience have shown that this type of 
relay can give good selective action for several relays in series. 

Bellows type relays were previously used in this connection 
but were found to be not sufficiently reliable and were replaced 
by relays of the type referred to above. 

Westinghouse Type C, improved, reverse-power relays with 
selective element are also used. 

These reverse-power relays are used at the substation end of 
two transmission lines working in parallel. When a short circuit, 
which is not cleared in any other way, occurs on one line, it will 
trip the low-tension side of transformers at the substation con¬ 
nected with this line, while overload or time relays will trip 
the low-tension side of the corresponding transformers at the 
power house. If the other transmission line is not affected, 
the reverse-power relays for this line will remain open. In order 
to give another device (arc extinguishers) time to relieve light- 
ning arcs, these relays for the transmission lines are furnished 
with definite time-limit relays (W. Type E); these have at present 
the following setting: 

Circ. No. 1 Circ. No. 2 

Powerhouse. 3 sec . 2\ sec. 

Substation. « i u 

.The different time setting for the two circuits is chosen 
in order to prevent one line from opening at the substation, 
while the other opened at the power house, in case both lines 
should be in trouble. As soon as one circuit is cleared, an 
interlocking device prevents the other from opening by any 
relay action. 

. If after the clearing of one of the two paralleled transmission 
lines, the other still shows the trouble 7 the field will momentarily 

be taken off all the generators at the power house simultaneously, 
and restored again. 

Should this action not clear the second line, the switches must 
be opened by hand. Our experience so far shows, however, 
that permanent line trouble (wires down, etc.) never has taken 
place on both circuits at the same time. 
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Pug. S. T. L. &• P. Success generally but not always. 

Aside from the Pa. W. fir P., the Ut. L & R. and Pug. S. 
, L. & P, are the only companies using reverse-energy relays; 

the former reported always ” act selectively—the latter does 
not state the result. 

Note also Cty S. L. Dpt. Use Westinghouse Type C reversc- 
ener^y relays which act selectively when the power factor does 
not drop too low, as on a very heavy short circuit. 


Dropping Synchronous Load (Question C-9) 

The following report that they seldom or never succeed in 

carrying synchronous load through a heavy main-line short 
circuit: 

Gt Wn P Mex. L.&P., Sou. S. P, Tor. P., San J. L.&fP., 
^ort. R. L. & P., W. St’s G. & E., C. N. P., Un. T., Cty. S. L. 

Other reports— 

Ap. P. “ Sometimes. ’ ’ Lightning arcs are frequently cleared 
y arc suppressors without losing synchronous load 

thffeasTlof L j g K tning arCS are frec l uentl y cleared without 
he least loss of load, by arc suppressors. 

oufSthJLL W t have automatic switches on all lines feeding 

seldom lost CTe l° nS End Wh6n theSC act pr0perl y we very 
eldom lose any synchronous load. 

e JZLt & °i P- SaVe s y nchronou s load by automatic arc 
tmguishers, when arcs only are involved. 

p ue L 's f T Y t Z hen J h0rt circuit is cleared in three seconds. 

cannot Tfth* & S °“ etunes we can and sometimes we 
cannot. If the duration of short circuit is three or four seconds 

synchronous apparatus always drops out. 

ing Out One of Two Parallel Lines (Question C-10) 
a . , n t nSW f r t0 the question whether one of two lines nara 11 el 
ing were“ iivedf ^ “* "* h0Ut ‘° Si ° S the Ioad M1 °w- 

zjrPl * sr - - - - 

sometimes. 

Wash. W. P. Have such lines but cannnf- +1, 
without losing load. t C ot cut them out 
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San J. L. Sf P. Lines are tied together at load end by tie¬ 
breaker set light; at supply end, lines are separated by operator. 

Niag. L. & 0. P. Have tried this but have abandoned the 
attempt. 

Port. R. L. &? P. Yes, but cannot be automatically separated* 
Sou. C. E. All main lines, cannot separate. 

C. N. P. Cannot separate such lines. 

Un. T. Cannot separate such lines. 

Locating Trouble (Question C-ll) 

Practically all plants sectionalize the line, test with generator 
voltage and patrol to locate line trouble. 

Yad. R. P. Use also a Wheatstone bridge method. 

Niag. L. & 0. P. Use a special loop test described in the 
Trans. A. I. E. E., June 1907. 

C. N. P. Uses a loop test. 

Distribution of Power between Power Houses and 
Regulation of Voltage (Questions 20 and 21) 

No points of especial interest appear in answer to questions 
on how power distribution between generators and voltage 
regulation are secured. 


Effect of Heavy Short Circuit (Question C-23) 

b As to tlle effect °f a heavy short circuit near one power sta¬ 
tion on a large system: 

Pa. W. & P. When a short circuit occurs near one power 

house, the effect of this depends entirely on how long a time it 
lasts. 


(1) If it is a lightning arc on the transmission line it will 
normally be cleared by arc suppressor. 

(2) If it is cable trouble on the 13,000-volt distributing 

system, it will normally be cleared by opening automatically 

the pioper feeder switches. If the trouble hangs on for more 

than four seconds the fields of the generators will be destroyed 

and restored automatically at all three power houses simul¬ 
taneously. 


Operation with One Side Grounded (Question C-29-31) 

In answer to a question as to whether the lines were ever 
operated with one side grounded, even for a brief period, the 
following were received: 

& P. For a few minutes, no effect; ground was cut 
oil by the time the ground resistance was red hot. 
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Ut. L. & R. All one night on 28,000-volt circuit; no effect 
except unbalancing of system. 

C. N. P. For about two hours with no effect except a slight 
unbalancing of current in conductors. 

Ap. P. For two hours with no effect. 

Wash. W. P. For several minutes causing whole system to 
be unbalanced. 

Gt. Wn. P . For about f hour; one oil switch bushing and one 
string of insulators punctured. 


Sou. S. P. No; effect too severe. M 
Tor. P. ' On several occasions for 'five to fifteen minutes, on 
one occasion four hours. On the occasion when the system 
was operated for four hours the ends of the cable that were down 


were 000 ft. apart, the ground was highly charged and the 
arbed wire on the right-of-way fence was also highly charged. 
A man attracted by the display due to this ground walked into 
the charged area, then tried to climb the barbed wire fence and 
was killed. A dog approached the barbed wire fence some 
distance away and after investigation started for remote re¬ 
gions. Claims were made for damages to cattle. These were 
paid, although it could not be found that any cattle were really 

In operating on a ground we have no means of knowing 
whether or not the wires are down, and as it is possible that 
theie may be two grounds miles apart with an open circuit in 
.he cond uctor between, we consider it a very risky thing 

resort mUe SUCh ° peration and would onl y do so as a last 

San J. L & P. For two and a half hours on 60,000 volts- 

unbaWd T third h ? rS ° n 3 °’ 000 VOltS ' The effect was ’ 
alanced voltage on-the particular feeder having a ground- 

Hne out of ' ^ plant ’ tefephoi 

telephone sysSms SS10n ’ tr0UWeS reP ° rted fr0m SunS6t and ° ther 

J^d^fm ^tu2; Xt^t^ ^ ^ 

charging lightning arfestefsTt^X^wSTot StramS ’ ^ 


Relays in H-T. Ground Connection (Question C-32) . 

seems th ° Se rep0rtin S exce Pt Pa - W. & P. (see below) 

have any protective relay in the ground connection 
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from the high-tension neutral, except for the fuse of the Nichol¬ 
son arc suppressor. 

Voltage Regulators (Question C-41) 

The use of Tirrill regulators to control the voltage of genera¬ 
tors is almost universal and there appears to be no exception 
to the satisfaction they give. 

Failure of Oil Switches (Question C-43-44) 

As to whether oil switches have ever failed to open a circuit, 
most companies report no trouble, but the following are note¬ 
worthy : 

Mex. L. &? P. Very rarely. 

Sou. S. P. No, but signs of distress are often shown. Most 
of the trouble from oil switches occurs in the breakdown of 
bushings from lightning or surges. 

Tor. P . H-3 oil switches have failed repeatedly when more 

than four 10,000-kw. generators can feed through them to a 
short circuit. 

Niag. L. & O. P. Yes, from repeated operation on short 
circuit without overhauling. 

Ut. L. & R. 4000-volt, three-phase oil switch on overload. 
Sou. C. E. On short circuits; the system, has outgrown the 
size of the switch. 

Pug. S. T. L. & P. Oil switches which are type FI-3 and K-10 
have always opened short circuits successfully but sometimes 
the switches are nearly wrecked. 

»■< 

Working with Adjacent Line Alive (Question C-45) 

Practically all companies except Cty. S. L. Dpt. work on one 
of two lines on the same poles or towers when the other line is 
alive. 

Which Insulator of Suspension String Fails First 

(Question C-48). 

As to which insulator unit in a string of units is most likely 
to be injured, note the following: 

Gt. Wn. P. Insulator next to line, but in general it is hard 
to tell. 

Pa. W. P. Flash-overs damage first and last units preferably. 
Wash. W. P. Nearly always the first and last of the string. 
Port. R. L. No difference, 

Ut. L. & R. End disks. 



1032 


HIGH-TENSION DATA 


[June 25 


Relative Reliability of Suspension and Strain Insulator 

Strings (Question C-49) 

There is a difference in experience ns to whether strain in¬ 
sulators are more likely to fail than vertical strings Port R L 

&P., ULL.&fR.,Pa. W.&P , Wash. W. P. 3 and Yad.R.P. 
say 44 no. ” Gt. Wn. P. and Sou. C. E. say 44 yes. ” 

Reactance to Balance Charging Current (Question 0-51) 

Soti. S. P . has the following to report about the use of re¬ 
actance coils to control the power factor of the line. 

Shunt inductance coils are used at one end of tower line 
These have loading value of 2000 kv~a. and are arranged for 
being cut in by steps. They have been found valuable in the 
tieing together of the two systems of plants, enabling the steam 
plant to get in with the hydro plants with little voltage dis¬ 
turbance, which there would be if steam plant had to raise 

voltage to value high enough to equal voltage at end. of unloaded 
line; this is about 14 per cent high. 


Mechanical Oscillations (Question C-52) 

With regard to.trouble with mechanical oscillations in the 
line note the following: 

Port. R. E. p ' Trouble oeeiiTc: or •fot* oa *i oo 

000 -volt, 33 -cycle line when fed from one 33 >- 

onlv nnrl m \ r / u , . r . ne generating station 

Ioad - Lmc putates ^ ^ 
iositif ugh N t ° 0 ri ie 7r wind swin ™ 

Wash. W P No, except that ice falling off the end ones of 
cafrvthislna T T S f bWS thC iCe “ the middlc s P an t0 

HI Tp Twod t0 CO t dUCt0r “ thC P ° Siti0n below - 

iuex. l,. & F. two during earthquakes. 

to^s^dTnauiw^h b °t e,n °if the followi ng replies received 
special mquiiy about mechanical oscillations: 

Gentlemen: , 

On January 8th, the Engineering Data Cn °T Pnl 13th ’ 1914 ‘ 

Mr. L. E. Eustis, Superintendent of 
mg Corporation, sent a letter to a number of 

“ y S”“; 

“I ° f «■« replies received Ym“*«ry' 1“™“ “ “ d “ ea 

Percy H. Thomas, Chairman, 

, Engineering Data Committee. 
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Replies to Letter of January 8th Relating to Experience 

with Mechanical Vibrations or “ Oscillations ” of 

Line Conductors 

C. N. P . 

“ This phenomenon was experienced by us in the aluminum 
cables which originally spanned the Niagara River between 
Fort Erie and Buffalo. The vibrations were most pronounced 
when there was little if any perceptible movement of the air. 
The cause was doubtless due to the physical constants of the 
span cables and possibly their supports being such that they 
would readily respond to slight movements of the air. Our 
evidence of this is that when the tension was decreased, allow¬ 
ing the cables to sag a few feet below normal, no vibration 
occurred. 

At first we had some trouble with the cable strands breaking 
at the end supports due to crystallization of the metal. This 
was overcome by inserting about ten feet of iron chain in each 
span where the ends are attached to the supports. The chains 
were then shunted with jumpers to provide the necessary carry¬ 
ing capacity. 

After a few years’ experience with aluminum cables at the 
long spans, it was decided to replace them with copper-clad steel 
cable having much greater tensile strength. These cables are 
somewhat heavier than the aluminum, but are smaller in cross- 
section. They are pulled up to the same elevation as the 
aluminum cables, but, due to the different physical constants, no 
vibrations have been observed under any weather conditions. M 

Niag. L. and O. P. 

“ Please note that we have frequently noticed such oscilla¬ 
tions but never have found any harm to result from them. 
Such oscillations are particularly noticeable on long spans, al¬ 
though they occur to some extent on all spans. ” 

Oregon E. R. 

“ Wish to say that we have had no serious trouble from this 
source, and have had no data or experience along this line that 
would be of interest. ” 

Tor. P. 

“We have no spans comparable to the Mississippi River 
crossing at Keokuk, Iowa. We have, however, given con¬ 
sideration to crossing the Niagara River where we have had to 
figure on 4000- and 6000-foot spans. It was necessary for us 
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• , 1Slder + mech amcal oscillations of the cables due to changes 

be K Te ’ T l0admS ’ Wind ’ and the vibrations that would 

be started by short circuits, and we concluded that proper 

t^oer S V COUI l ter ' Weighting and teeping the cablesat citable 
tempeiature by means of local currents from insulated trans- 

tormers or generators, would afford us ample protection 

linlinrhT 0 l P T °T ld °° feet ° n our ^ting transmission 
mes and have had no troubles that we can assume are directly 

during “ ecba “ cal oscillations. We have had line interruption! 
n!“her wly S ”° rmS PT ° bably be aCC0Unted for 

Pa. W. & P. 

the Sf pOSS1 J iHty of such Phenomena was anticipated at 
deavor ^ an + smissi ° n lme was designed and a special en- 

lations w m b? t°u T thS Kne aS t0 prevent such osc il- 
attention^ 6 bebeVe J hat the many an chor towers used and the 
attention given to the conductor sags is responsible for our 

freedom from such trouble. 

As stated in the previous answers, we did experience some 

wire being stretched too tightly, 
so a it lummed and caused considerable vibration of the 
wers. It was found necessary to cut in additional slack into 

ve^tiXl Wire ‘ J he ^ ound .had originally been strung 
. y & y m order to avoid interference between ground 

TtW C °J dUCt0rS : due t0 the possibility of sleet collecting 

a tiVh t g J° Und W1 ! e Whlle bem £ absent 011 the conductors. Also 
a tight ground wire was considered advisable in order that its 

Sfthal oTS^d^^ ^ ^ diff — 

ISOoTt 6 n ° 6VidenCe ° f mechanical oscillation on our 

louu-ii. span river crossings. ” 

From Mr. Magnus Swenson, President, 

1/21/14)™ WiSC ° nSin F ° Wer Com Pany> Madison, Wis.' (dated 

no^lwfr t0 y ° U J S ° f f 6 8th wiU say we have experienced 

Peninsular vT m ® ChamCal . oscillation on our line, nor has the 
Pemnsular Power Company m the northern part of- this state ” 

G.Wn.P. 

Wili state that we have no record of any one having observed 
this phenomenon on our lines.” s 
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Pac . G. & E. (dated 1/20/14) 

11 This company maintains a large number of long spans on 
transmission lines, these varying from 200 to over 4000 ft. in 
length. On spans up to 1500 or 2000 ft. the conductor material 
is not of great importance, our experience being that there is very 
little choice between copper, aluminum, copper-clad steel and 
other materials. 

On spans of more than 1500 ft. we have found it desirable 
for mechanical reasons, to use either copper clad, or steel 
conductors. 

The longest span we have is that known as the “ Carquinez 
Strait crossing,” where the distance between supports is 
4427 ft. The conductors on this crossing are of 7/8-in. plow 
steel, having ultimate tensile strength of 200,000 lb. per unit 
cross section. These spans have been in successful operation 
at 60,000 volts for 13 years. There is a small amount of vibration 
in the conductor at the point of support during days when there 
is no wind blowing, but during times when the wind is blowing 
the hardest there is little if any vibration whatever at this 
point. 

A year ago one of the conductors of this span was taken down 
and a section near the supporting saddle was tested to determine 
whether or not there had been any appreciable deterioration of the 
metal either from crystallization or from electrical causes. A 
careful analysis and test showed that the cable was in apparent¬ 
ly as good condition as it was the day it was erected. 

On another line we have installed a large number of spans of 
6/0 stranded aluminum, ranging from 1200 to 1800 ft. in length. 
No trouble has been experienced on spans of this length from the 
causes mentioned; in fact, this particular line is considered one 
of the most reliable that we have. 

In a few instances trouble has been experienced from the vibra¬ 
tion of the conductor, which has resulted in the latter breaking 
at the point of support. These instances, however, are very 
rare and we have attributed the trouble to the fact that the length 
of span and tension in same were just right for the wind to 
cause excessive vibration. In every instance where this trouble 
has occurred, the insulator has been the ordinary pin type. 
The trouble has been corrected by setting another pole, and 
thus introducing another point of support in the vibrating 
span.” 
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From Mr. Chas. I. Burkholder, General Manager, 

Southern Power Co., Charlotte, N. C. (dated 1/20/14) 

• / J ave t ° advise y° u that on our lines having suspension 

insulators we have not had any trouble due to mechanical oscil- 

trn J7 T d 7 t0rS ’ SXCept in the case of ™equal distribu- 

tion of load due to sleet unloading from the lines. This has never 
occurred when the sleet was forming but has occurred when the 

t Whereithappened that 

remained on another wire, and where the opposCccuSd in an 

unloa C rd SPan ' ? 1S W ° Uld CaUSe En accum ulation of sag in the 
been “ S ° me CESeS the cumulation of this sag has 

strunf^f t0 in C f Se ^ aCtUaI C ° ntact of ™es which were 

lenrtherTo r IT Spacin £- To ° b ™ate this, we 

n s thened our middle crossarm 3| feet at each end ” 

Wash. W. P. 

os/LSs ^£:iz«:z nerer aoticed “ y 

acc/LTfor tr °" Me which «« »aable to 

mechanical tscL/itf V ‘ f °f‘“ y misht be *“ *° such 

sWcircaitS o^mmVouT" “ ““ ^ " 

irom our Little Falls power h'out mthZT t”"* ‘°“ T mil0S 

f io ” » the conductors. /h‘s "shoTdr/uY 

thrown on the line ;+ nis snort “Circuit was 

generator at the station, and" * 5000 " ldlowatt 

automatic switch was set for ten seconds definite toe feat” 
Port. R. L.&P. l ' 

We wish to state that we have nnf fl v« • , 

We have observed, howevlr tZ experi <mced any trouble. 

conductors in an 1800-foot river cto 36 * 106 ° f WaV6S al ° ng the 
appeared to travel along tL cond uT g SPEn ' TheSe waves 
They were apparent only by taZ/T °° 1 ^ ^ 

supports and manifested thLselve fn the msulators at the 

manner to blows struck agSt?'V*7 *** & similar 
mallet. As the crossing span 1! r ° ndl f 0rs with a wooden 

f s installation, and has'not been repW ^ a ^ aftet 
to report actual trouble resulting f P +1 d ’ W n ° occ asion 
nPnn supports are each located , t '"’ e 

tracks and the waves which wp nh ■, d Stance from railroad 
started by passing trains.” appeared to have been 
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From Mr. A. J. A. Kean, Chief Operating Engineer, 

The Michoacan Power Co ., Guanajuato, Mexico, (dated 
2/10/14) 

“ In this connection we wish to advise you that we had this 
trouble on one of our transmission lines some, two years ago and 
were able to eliminate the difficulty by using special hangers 
made in the form of a bow. If Mr. Eustis would care to send to 
us' details regarding his trouble we may be able to supply him 
some information which will be of assistance to him.” 


From Mr. W. B. Stone, Chief Electrical Engineer, 

Jhelum Power Installation 3 Baramulla-Kashmir, India. 

“ I beg to inform you that formerly when we had long river 
spans we experienced trouble which I attribute to this cause. 
The line wires became crystallized through fatigue close to the 
clamps on the insulators, and when the first fall of snow came 
they invariably carried away at this point. We have now re¬ 
moved all long spans.” 

From Mr. C. A. Sylvester, General Manager, 

The Rio de Janeiro Tramway , Light and Power Co. 9 Limited , 

Rio de Janeiro, Brazil. 

11 We have had no trouble which could be traced to mechanical 
oscillation of our transmission line conductors. 

Our 88,000-volt transmission consists of 3/0 conductors erected 
on Riter-Conley type of steel towers, six conductors per tower. 
We have several spans exceeding 500 meters, the greatest span 
being 590 meters. Observation of the oscillations indicate a 
considerable side swing during heavy winds, but the wires ap¬ 
parently always maintain their spacing of eight feet. This is 
probably due to the fact that they are of the same weight per foot, 
same diameter, and are erected with the same tension. There 
is of course'no unequal loading due to sleet. 

It has been suggested that the vibration and oscillation of the 
wires may tend to break the conductors at the insulators. We 
have up to the present time observed no effect of that kind. 

The lines have been erected since 1907.” 

Location of Lightning Arresters (Question C-2) 

Lightning arrresters are freely located either inside or outside, 
and universally close to the outlet of a station. 
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Duration of Discharge on Electrolytic Arresters 

(Question D-10) 

_ ^ ere is no report of over 1 minute of actual continuous 
discharge on an electrolytic arrester. At least two companies 
cut them out if they begin to discharge steadily. 


Effectiveness of Overhead Ground Wire 


With regard to the opinion of companies on the effectiveness 

of overhead ground wires as a protection against lightning, note 
the following: 


. ^ ex ' 09 s P. We have had overhead ground wires on our 
high-tension transmission lines for the past six years. In 
practical experience we have found that this has given us an 
excellent protection. The number of cases of trouble due to 
lightning has been enormously reduced since the installation 
of these ground wires. We can definitely state that we con- 
sider their installation as effective and desirable. 

Ap . P. There is evidence in favor of the effectiveness of over¬ 
head ground wires but it is not conclusive. 


Pd. w. & p. We have no reason to believe that the overhead 
ground wires have been of any benefit against lightning troubles. 

nnfl K f ‘ L ' & f We W W00d pole lines 26 “iles long with- 
° ound wire; there is a 12-mile extension with ground wire 

same insulators and crossarms used; never had an interruption 

from lightning on 12-mile line; have 7 or 8 per season on 26-mile 

Tiff S? inSulators that do s^t down line. 

reduce ^' f t gr ° Und Wires on tower hnes undoubtedly 
reduce static disturbances, as interruptions are much less fre 
quent than before. 11 e_ 


• Special Protective Devices (Questions E-l-4) 

fuses' SyStem + S ' de J iGeSOperatin g through circuit breakers or 
fuses have been installed for the purpose of automatically freeing 

crnts from arcs, either between fine wires or to ground The 

principle of operation includes the momentary shorLrc^ting of 

he arc by automatic apparatus at some predetermined nlh> 

:;:r as -r 

paratus. ‘ P S h ‘" been rec '‘™ d on ™ch ap- 

T, h( T.T-T, USmg the arc suppressor invented and de- 

signed by L.C. Nicholson of Buffalo N V mu- j • ae 

in a general i t ' iN - Y - This device consists 

general wa> of electromagnetic relay switches connected in 
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series with the main transmission line. The overload caused by a 
flash-over produced by lightning closes these electromagnetic 
switches rapidly, and in this way short-circuits the wires between 
which the flash-over is taking place, with a fuse wire calibrated to 
blow in about 5-10 cycles. This device worked very successfully 
in 1912 and 1913. It is especially satisfactory when a ground 
or a short circuit takes place only between two of the trans¬ 
mission wires. In such cases, it saves all of the synchronous 
load. If a three-phase short-circuit takes place, the effect on 
the synchronous machinery is more serious. About 50 per cent 
of the load can, however, be saved, especially if the synchronous 
converters, of which the main load consists, are separately ex¬ 
cited, so as to prevent reversal of polarity. 

With the Nicholson arc extinguisher are also connected certain 
electrostatic relays, intended to work in such a way that when one 
wire becomes grounded,, a switch will be closed, and by this 
means, a fuse wire, which is timed to blow in about 1/2 second, 
will be connected between the wire which is grounded, and the 
ground. This device worked successfully several times. The 
electrostatic relays which initiate this'action seem, however, 
somewhat less reliable than the magnetic relays, which get into 
action on short circuits on the line. The electrostatic relays 
are at present cut out of service, due to the fact that the principle 
they are based on will make them operate unnecessarily and thus 
produce undesirable complications whenever the voltage on the 
line for a moment is lowered artificially by operation of field- 
destroying device. 

In case the arc extinguisher as outlined above does not work, 
or does not extinguish the arcs, the field is automatically des¬ 
troyed on all generators in all three power houses connected 
together, and after 1J sec. the field is restored again automati¬ 
cally, and, normally a large part of the synchronous load will, 
in this way, be pulled into step again. 

The relays, which in the main power house (Holtwood) actuate 
the field-destroying and restoring device are either one of the 
generator relays (in case of short circuit on the line) or the relay 
hr the grounded neutral of one of the transformers connected 
with the transmission line; these relays act instantaneously 
themselves, but their action is delayed 4 sec. (by means of a 
definite time limit relay) in order to give other protective devices 
their chance. The main difficulty we have experienced with this 
device is to prevent the generators in the power house (water- 
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wheel-driven) when some of their prime movers were on “ hand 
control (i.e. had a steady gate opening), from speeding up the 
moment the field was taken of and thus getting decidedly out of 
synchronism. When originally installed, the time the field was 
left open (i.e. short-circuited with the standard discharge resis¬ 
tance) was 5 sec.; this time element has this year been cut down 
to Is sec. with the results much better in the above respect than 
ormerly and yet the time is apparently long enough to ex- 
mguish lightning arcs on the transmission line. The 1913 
record until October 1st, shows that lightning has hit our lines 
times resulting m three total interruptions, while the trouble 
was cleared successfully, with little or no loss of load, 18 times by 
arc extinguisher, 9 times by field-destroying device, and two 
times by relays opening one of two parallel circuits. 

Tor. P. The circuit-breaker type of arc suppressor was tried 

but was not a success. The Nicholson electromagnetic type is 
being installed. ‘ 

Niag. L & 0. P. Uses both Nicholson automatic grounding 
and Nicholson automatic short-circuiting devices. 


Lowering Voltage to Clear Short Circuit (Question E-ll) 

In reply to question as to whether the voltage of generator is 
owered in case of trouble the following were received: 

Miss. P. Yes, by hand and automatically. 

Gt. Wn. P. Yes, by hand. 

Yad. R. P. Yes, by hand. 


Sou. 5. P. Yes, by hand, expect to install device to automati¬ 
cally lower voltage at time of short circuit or ground on line. 

PaMV P. See notes under Special Protective Devices (Ques¬ 
tion E, 1-4 above), 


Wash. W. P. No, only when line is on a single generator as a 
separate system. 


Tor.P. Automatically. 

San. J. L. & P. No. 

Niag.L.&O.P. No. 

Port. R. L. & P. On special occasions by hand. 

Sou. C. E. Yes, by hand. 

Cha. V.R.L. &P. No. 

C. N. P. Excitation is from induction-motor-driven d-c. 
generators. The motors are supplied from busbars fed by the 
alternators which they excite. In case of a short circuit, exciter 
sets automatically slow down and reduce field excitation. 
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Pug. S. T. L. & P. Yes, have auxiliary relay on Tirrill 
regulator that prevents increase of field strength during short 
circuit. 

Mt.Wh’yP. No. 

Un.T. No. 

Usability of Telephone Lines (Section F) 

The conclusions to be drawn from the replies to the questions 
on telephone lines may be summarized. 

In general no company can entirely rely on its telephone line 
when the power line is grounded and many cannot use their 
telephones while electrolytic lightning-arresters are being charged. 
The effect of the grounding of the high-tension line is to make it 
noisy and to cause discharges over arresters and sometimes to 
cause telephone fuses to blow. 

The following comments are noteworthy : 

Gt. Wn. P. Most severe trouble is from a ground on the 
100,000-volt line. This in general will cause a break over the 
insulation of the telephone line which is carried on 6600-volt por¬ 
celain insulators. To quiet the line, 2-kw. 2200/220-volt trans¬ 
formers used as drainage coils with the secondaries open were 
installed; these were successful. 

Yad. R. P . The telephone line is said to be usable at all times 
and grounding of the transmission line to have no effect. This 
telephone line is from 500 ft. to one mile away from power line. 

Sou. S . P . Telephone line not always usable. Most of trouble 
is due to mechanical faults occurring in telephone lines. Induc¬ 
tion is also noticed. Arcing on horns of out-of-door switches is 
quite noticeable on telephone lines. Ground on transmission 
line makes telephone very noisy. 

Pa. W. & P. Users of telephones protected by lightning- 
arresters and fuses on line side of instruments. Insulating 
transformers used at Baltimore end of telephone line. 

Telephone usable practically at all times during operation. 
Telephone not usable only at time of ground on transmission 
line or during charging of electrolytic arresters. 

Troubles on transmission line blow fuses or burn arresters on 
telephone line occasionally. Sometimes burn out telephones. 
There has not been much trouble and talking is remarkably 

good on telephone lines—equally as good as Bell long-distance 
lines. 
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Niag. L. &f 0. P. Heavy induction by grounds on power lines 
sometimes blows fuses on telephone lines at stations. Telephone 
is practically always usable due to bleeding coils. 

Cty. S. L. Dpt. Induced currents have caused telephone wires 
spaced 12 in. apart to wrap together. Line disturbances some¬ 
times blow telephone fuses (34 ampere). We do not attempt 
to use telephones while a disturbance is on line. 

Note: The following description of the protective apparatus 
used by the Georgia Railway and Power Company to shield its 
telephone line from disturbances on the high-tension trans¬ 
mission line, together with an account of tests made thereon, 
has been furnished by Mr. E. P. Peck, Ass’t. Electrical Engineer. 

The telephone line of the Georgia Railway & Power Company 
from Atlanta to Tallulah Falls, a distance of 87 miles, has No. 4 
bi-metallic conductors, insulated with single disk suspension 
insulators. These insulators have a dry flash-over test of 
70,000 volto but it is the purpose of the company to connect 
two of them in series on the telephone line at the earliest possible 
date. The telephone line is strung on the main 110,000-volt 
tower line, about 10§ ft. from the lower power conductor. 

The telephone line operates at a voltage to ground of aDoroxi- 
mately 5300 volts, when no drainage coil are c o nnL l 
The voltage from line to line is very low, except in cases of in¬ 
sulation troubles on the main power line or on the telephone 
line. 


Trouble was experienced, due to the high voltage on the 
telephone line, and to remedy this, drainage coils have been 
connected at the Boulevard substation in Atlanta and at Gaines¬ 
ville substation. A drainage coil will be connected at the power 
house also, in a short time. A standard 15-kw., 2200-volt 
power transformer is used as a drainage coil. The 2200-volt 
leads of the transformer are connected to the line wires and the 

middle tap of the primary is connected to ground, the second- 
anes being left open. 


With the drainage coils connected in Gainesville and in Atlanta 
the voltage from the telephone line to ground is approximately 
or y-five volts, the drainage coils carrying a current of approxi- 
mately 3.75 amperes, continuously, in the ground leg 
The telephones in all of the stations are connected to the 

to^hone laws through tele phone transformers, insulated for 
^o,UU0 volts from primary to secondary. 

A number of telephone transformers and telephones have 
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been damaged on this line, the damage resulting from lightning 
along the line or from leakage either on the main power system 
or on the telephone line. To stop the telephone and telephone 
transformer trouble, a lightning arrester has been developed 
which gives promise of excellent results. The apparatus (dia¬ 
gram of connections shown herewith) consists of proper relief 
gaps which are protected by expulsion fuses. The most im¬ 
portant part of this arrester unit is a vacuum gap adjusted to 
break down at approximately 350 volts and connected from 

line to line. Adjustable cylinder gaps 
are connected from each line to ground 
and other cylinder gaps are connected 
in parallel with the vacuum gap. 
Choke coils, wound on porcelain cores 
and with turns very heavily insulated, 
are connected between the gaps and 
the telephone. 

The action of the arrester in case 
of high voltage on the telephone line 
is as follows: A high voltage im¬ 
pulse being impressed on the lines 
equally, will raise the voltage of the 
telephone line and telephone trans¬ 
former to a value sufficient to break 
down the air gap to ground and will 
not impress any high voltage across 
the terminals of the telephone trans¬ 
former unless the ground gaps are set 
unequally, in which case the gap with 
the smallest setting will drain the wire 
connected to it directly and will drain 
the wire with the larger gap setting 
through the vacuum tube arrester. 

If the voltage is impressed unequally 
on the telephone lines, the vacuum gap will spark across, holding 
the voltage across the terminals of the telephone transformer 
and the telephone to a safe, low value. 

The choke .coils are used to retard steep wave front impulses 
until the arrester gaps will have time to discharge. 

It has been found that a continuous discharge through the 
vacuum gap will melt the solder and compound used to seal 
the case of the vacuum tube, allowing the vacuum to be de- 
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„ ao r ?? le Cy ^ n< ^ er gap connected in parallel with the vacuum 
gap is for the purpose of holding the Hne-to-line voltage as low 

advknhf 6 If- 0386 th u VaCUUm ga P is destroyed. The lowest 
sable settm g on these cylinders will give an arcing voltage 

m the air of approximately 700 volts and the cylinder gap 
C ° me mt ° ^ UnlCSS thG gap been 

eXPUl f° n f ^ SeS USSd arC ° f bve-ampere capacity and will 
not blow unless there is a very severe disturbance on the tele- 

not°wiih to fi 7' a “P ere fus ® was selected because we did 
ot wish to use a fuse large enough to cause burning of the 

r:,x g r r gaps ° r *° use » ^ *> ^ ^ 

it would blow on slight disturbances. 

volte fromTno^ ,° n tWS 1 I ghtning arrester by taking 50,000 
ts from a power line supplied from a 550-kw generator the 

” T? h T K f d from Une to liM ‘ he 

an ester, from each line to ground and both lines in oarallol to 

ground. Eight tests were made on one arrester XtEi ooo 

volt power supply, with a telephone transformer and dephone 
connected during the tests. teiepnone 

GeleS Electric°rv! ade " ““ %itoing ^tory of the 

and 500 OOP e 1 TT 7 011 oscll]a Oon transformers of 200,000 
and 500,000 cycles with oscillating circuits adjusted for voltages 
from 50,000 to 150 000 vnltct a „ . ^J^ea ior voltages 

in parallel and m series with the main sphere gaps and a number 

Phone trrns r f e o made ' ^ COmpletion of th e tests the tele- 

A LXr oT 6r ^ telephone were sti U in good condition. 

mentTtte alSTe pSfhavet T 

paralleling 11 nnn /olli been used on telephone lines 
p elmg 11,000- and 22,000-volt lines around Atlanta. Some 

of these arresters have seen about two years ’ service 

handle n r ber ° f S6Vere Hghtning disturbances have been 

Hne fell on fh eS6 f T r6 f erS and “ ° ne CaSe the 22,000-volt power 

stroke The P Kne immediately after the lightning. 

stroke. The mam wires to the arrester and the ground wires on 

e arres ers at both ends of the lines were burned off and in this 

case as well as m all other cases no damage has been done to the 

TveryZ*e m T 1°^ tdep W In the sam e territory 
ha7e LeTIT m /r, r v Ph0ne tra mfformers and telephones 

bv the besr T Y g “ g alth ° Ugh th6y Were P r °tected 

wbich " e had b “" *“■ 
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Test of Telephone Lightning Arrester to be Used on 
Telephone Lines Adjacent to 110,000-Volt Power Lines 

One 555-kw., 440-volt, 60-cycle alternator was connected to a 
625-kw., 440 to 50,000-volt transformer and the high side of the 
transformer used on the arrester tests. On these tests the cir¬ 
cuit breaker of the transformer bank was set at 1600 amperes, 

- the normal load on one generator being 625 amperes. 

Test No. 1. Referring to the diagram on a preceding page, 
the horn gaps at the top were not used. 

Line No. I was connected to one transformer terminal and 
line No. 2 was connected to the other transformer terminal. The 
geneiator was adjusted to give 50,000 volts and the circuit 
breaker closed, giving 50,000 volts directly on the telephone 
lightning arrester. On this test the cylinder gaps and the 

vacuum gap on the main line arced across, blowing the main line 
fuses. 

Test No. 2. Same as test No. 1. 

Test No. 3. Lines No. 1 and No. 2 were tied together and 
connected to one power transformer terminal and the leads 
marked ground were connected to the other transformer terminal. 

When 50,000 volts was applied the spark gaps arced across, blow¬ 
ing the primary fuses. 

Test No. 4. Same as No. 3. 

Tests No. 5 and No. 6. Line No. 2 was connected to one power 
transformer terminal, and ground gap connected to the other 
power transformer terminal. 50,000 volts was applied, blowing 
the primary fuses. 

Tests No. 7 and No. 8. Line No. 1 was connected to one power 
transformer terminal, and the ground gap connected to the other 

power transformer terminal. 50,000 volts was applied, blowing 
the primary fuses. 

After each of the above tests the 1 to 1 transformer and the 
telephone bell were tested and found OK. The vacuum gap 

C y- Cted 1 °V he hlgh Side ° f the 1 to 1 transf omier broke down 
at 360 volts before the high-voltage tests were made, and broke 
down at 370 volts after tests were made. 

It is of interest to note that the arrester on the low side of the 

telephone transformer never had its fuses blown, showing that all 

lgh-voltage strains were relieved before they reached the tele- 
phone transformer. 


obtain Sr eS T? Tn nn Sely t0 ^ COnditi ° n which will 
obtain when one of the 110,000-volt power lines crosses with 
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either or both of the telephone lines. In this case the voltage 
will be 63,500 volts, while the voltage on the tests was 50,000. 
However, in service, 63,500 volts can never reach the telephone 
lightning arrester because the insulators on the telephone line will 
arc across at much lower voltage than this. 

Preservatives for Wood Construction (Questions G-l-2) 

The following information is received as to preservative 
treatment of wood poles: 

The following companies treat wooden pole butts—either by 
brushing or open tank treatment using carbolineum, hot gas 
drippings, creosote oil, or hot tar. 

Miss. P. (cost 10 cents per pole), for brush treatment only. 

Gt. Wn. P. 

Ap. P. 

Sou. S. P. Open tank process. 

Wash. W. P. Carbolineum oil on cedar poles; two feet above 
and below ground line. Tamarack poles treated by charring 
6 ft. below ground line and pouring hot carbolineum oil over 
charred surface. Cost 25 cents per pole. 

San J. L. & P. Open tank process; average penetration 5/8 in. 
for 8 ft. on butt; cost approx. $1.50 per 50-ft. pole. 

Niag. L. & O. P. 

Ch’a V. R. L. & P. Open tank; cost 40 cents to $1.50. 

Ut. L. & R. Cost one quart carbolineum and 10 cents labor 
per pole. 

Mt. Wh. P. & E. Paint poles; cost 50 cents per pole 

Un. T. 

_ * 

Treating Crossarms (Questions G-3-4) 

The following companies treat crossarms and pins as specified : 

Yad. R. P. Crossarms and pins, open tank, four hours in oil 
100 deg. cent. 4 hours in cold oil. 

Ap. P. Crossarms same as butts. 

Sou. S. P. Crossarms and pins same as butts. 

San J. L. & P. Crossarms given two coats of good paint. 

Nmg. L. & O. P. Crossarms creosoted in open tanks or treated 
with avenarius carbolineum. 

Port.R. L. & P. Crossarms dipped in preservative. 

Ch’a V. R. L. & P. Crossarms brush treated. 

Vt.L. &R. Crossarms, paint and oil; pins paraffin. 

C. N. P. Pins on new line impregnated with bakelite. 

Mt. Wh. P. & E. Pins boiled in linseed oil. 
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Un. T. Crossarms and pins—open tank creosote treatment. 
Cty. S. L. Dpt. Boiled in carbolineum. 

Gain in Life by Treatment (Question G-5) 

With regard to the gain in life from treatment note the fol¬ 
lowing : 

Gt. Wn. P. No deterioration as yet. 

Sou. S. P. 5 to 10 years, based on older Colorado-Nevada 
Power Co. System. 

San. J. L. Gf P. Creosoted butts have lasted 6 years on pine 
poles, that would otherwise decay in 16 months. We have only 
been treating pole butts for 6 years, but our experience shows the 
protection afforded is well worth the cost. Our principal pole 
timber is Washington red cedar. 

By creosoting butts and properly painting crossarms, the 
wooden pole line should have a life of at least 25 years. We have 
a square sawed redwood line, carrying six No. 3 copper conduc¬ 
tors at 30,000 volts (and a portion of the time 60,000volts), 
35 miles long. This was built 8 years ago and pole butts were 
not treated. Recent patrol and inspection showed 70 per cent 
of poles perfectly sound above and below ground. 

Niag. L. & O. P. Crossarms in good condition; poles show 
various amounts of decay at ground line. 

Port. R. L. & P. Poles last 12 to 15 years without treatment 
and under favorable conditions treatment may add two or three 
years to life of pole. 

Ch a V. R. L. & P. Life of poles has been increased. 

Ut. L. & R. 10 years in dry climate. 

Cty S. L. Dpt. Crossarms 12 years old show no depreciation. 

Outdoor Oil Apparatus (Question H-4) 

As to the general satisfaction with outdoor transformers, oil 
switches and substations, note the following: 

Miss. P. Satisfactory. 

Yad. R. P. Satisfactory, are using them exclusively in high- 
tension work. 

Ap.P. Yes. 

. Sou. S. P. Outdoor stations on transmission line serve as switch- 

mg stations as well as transforming stations. Two switches 
are cut into each of these two lines passing through the station 
and a paralleling set of disconnecting switches for lines. Steel 
is used throughout for the supporting structures. Transformers 
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are all provided with, trucks and each station has a transfer track 
and truck for moving transformers into a building which contains 
a pit and lifting rig and also serves as a storeroom for supplies 
and repairs. We have every reason to be pleased with the out¬ 
door type station of this character. 

Wash. W. P. Cheaper and satisfactory. 

San J. L. & P. We place station transformers on separate 
foundations, about 35 ft. apart. Poles are placed directly back 
of each transformer, to which are attached, by strain insulators, 
the high-tension and low-tension leads to the switch house. 
The switching house protects both high-tension and low-tension 
switches and metering equipment. This house is usually a frame 
structure covered with galvanized iron. Current transformers 
are installed indoors and potential transformers on poles outside. 
These stations have proved very satisfactory. 

Niag. L. & 0. P. Westinghouse outdoor type GA, oil circuit 
breaker satisfactory. 

Ch 1 a V. R. L. &? P. All standard and entirely satisfactory. 

ML W/Ly P. & E. Yes. 

Cty. S . L. Dpt. Outdoor bushings all right on electrolytic 
lightning arresters. 

Use of Breathers (Question H-5) 

Most companies report that they do not use breathers in out¬ 
door transformers but the following may be noted: 

Yad. R. P. Use chloride of lime breathers but do not consider 
them necessary. 

Mt. Wh yP. & E. Yes, no trouble so far—use inverted elbow 
and fine mesh screen. 

Penetration of Water in Outdoor Transformers 

(Question H-6) 

Most companies report that no water penetrated weatherproof 
tanks, but note— 

Yad. R . P. Not when in operation and temperature high. 

San J . L.&P. In some of smaller sizes of transformers (100 kw.) 
moistuie has penetrated the tanks. However, other installations 
of exactly similar make and capacity gave no trouble. 

Outdoor Type High-Tension Bushings in Wet Weather 

(Question H-7) 

Most companies report that outdoor type bushings operate 
satisfactorily in wet weather and none report trouble. 
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Corona (Question H- 13 ) 

No plant has observed any corona except Miss . P., which gave 
a curve of corona losses reproduced in the drawing, Pig. 57. 

General 

Pa. W. &fP. Note the following general comments: 

Some of the changes which we have made, or contemplate 
making, in our equipment may be of interest as indicating the 

lines along which our operating experience and experiments are 
leading us. 

A duplicate 11,000-volt generating station bus system'was in¬ 
stalled to replace the original group single bus system. This 
change made it easier to inspect and clean buses and connections, 
and made possible a better grouping of apparatus and reactances 
to limit short-circuit rush of current. 

Reactances were installed between buses and transformers, 
and in sections of the buses. These reactances were rendered 
necessary by leason of the concentration of generating apparatus, 
giving peaks of over 70,000 kw., all of which power was sent over 
two transmission circuits to Baltimore. The destructive effects 
of shoit circuits backed by such large generator capacity were 
becoming serious. 

Nicholson arresteis and field-destroying devices were installed 
and a fused air gap arranged for the generating station to take .a 
portion of these heavy lightning discharges which are too great for 
the electrolytic arresters to take care of. The Tirrill regulator 
equipment was abandoned and a storage battery with Keil- 
holtz-Ricketts booster regulating system installed. 

During the first period of operation the relay system was based 
upon the use of inverse time-element, reverse power, and definite 
time-element relays, set progressively higher in time from sub¬ 
station to power house. A great deal of experimental work, both 
in the laboratory and under operating conditions, was done in 
connection with the development of more accurate relays, but the 
results were not satisfactory. For a time, a modified Mertz- 
Price system was considered and partially installed, but was 
later abandoned for the system at present in use, which gives 
immensely superior results over the previous systems. With a 
steady increase of generator capacity concentrated on a few 
circuits, the destructive effects of arcs are becoming greater, so 
that a short circuit, which previously, with a small generator 
capacity, could have been allowed to remain on for six or seven 
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seconds, now does too much damage in that time in the way of 
melting of conductors, etc., so that our experiments are now along 
the line of cutting down the length of time which a short circuit 
remains upon the system. 

We attribute our freedom from sleet disturbances to the very 
heavy mechanical construction employed and the frequent 
spacing of anchor towers. 

We are now building a second tower line to Baltimore onthesame 
100 ft. right of way strip, 50 ft. distant from the first tower line. 
The second tower line has the following improvements: the number 
of members to a tower is less than previously, decreasing handling, 
erection and inspection costs, and making possible a minimum 
thickness of material of 3/16 in. as against a previous minimum 
of 1/8 in. All bolts are 5/8 in. diameter as against in. dia¬ 
meter for the previous towers,* the smaller bolts are very likely 
to be overstressed in tightening. The middle crossarm of the 
new line is being lengthened so that the top and bottom conduc¬ 
tors of a circuit will be in the same vertical plane while the middle 
conductor will be further away from the tower. 

This is to take care of unequal sags due to unequal sleet loading. 
Such unequal sleet loading has actually been observed on our 
lines and was anticipated in the design of the first line, but so far 
the unequal loading has not been sufficient to interfere with 
service. The distance between the crossarm and the conductor just 
above was such that on the old line buzzards when raising their 
wings to fly would ground the circuit; in the new line, a greater 
distance between crossarm and conductor above has been ar- 
ranged for. In the first line steel tripod foundation stubs were 
used for the suspension towers; in the new line, all foundation 
stubs are of concrete. Interchangeability of bolts and certain 
members has been provided for in the new towers, which makes 
easier. work of erection of the towers in the way of distribution of 
material and assembly. 

In the first line as originally built there was a very considerable 
arcing over of the insulators due to lightning. A very complete 
record was kept covering the location of the disturbances, the 
phases upon which disturbances occurred, insulators cracked, etc. 
During the following year additional insulator units were added 
on one circuit over those two sections of the transmission line 
which had suffered most the previous year and a careful record 
again kept of the effect of lightning. These records indicated 
that there were no spill-overs during the second year on those 
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sections where additional insulator units had been cut in, ex¬ 
cept in one case where the discharge had jumped from conductor 
to crossarm below j this clearance distance having been decreased 
by the additional insulator units. Then additional strain and 
suspension insulator units were cut in on both circuits, so that 
at present No. 1 circuit has seven instead of five insulator units and 
eight instead of six strain units. Circuit No. 2 has six instead of five 
insulator units and seven instead of six strain units. The im¬ 
provement, as regards lessened lightning spill overs, during the 

time the more heavily reinforced lines have been in service, has 
been marked. 

The first transmission line was equipped with a single ground 
wire. Our experience has not indicated that this ground wire 
has been of any benefit in preventing disturbances. In order to 
establish the matter a little more definitely, the new transmission 
line is being equipped with two ground wires placed above and 
outside of the upper power conductors. The ground wire on the 
first line was originally strung so tight as to cause considerable 
trembling of the towers and it was necessary to cut in additional 
ground wire to increase the ground wire sag. This was done 
during operation without interfering with service. 

Drawings 

The following cuts are reproduced from drawings, charts 
and photographs submitted by the various reporting companies. 
In most cases the drawings have been redrawn to eliminate un¬ 
necessary detail and to consolidate the useful information 
embodied.. The significance of each drawing may be obtained 
from its title, combined with the legends or other information 
on the face of the drawing. In all cases except one the name 
of the company furnishing the information is noted. 

A number of valuable maps, charts, and photographs were 
received which could not be readily reproduced. These are 
open to the inspection of members of the Institute at New York 
headquarters. The Secretary will, where feasible, furnish 
copies for cost* on application. A list of some of the more 
valuable matter not reproduced follows: 

Geographical Maps . Gt. Wn. P.; Yad. R. P.; Mex. L. & P.,Ap P • 
Sou. S. P.; Niag. L. & Q. P.; Port. R . L. & P.; Mt. Wh’y P. & E.* X. 

*In case of blue-prints retracing will generally be necessary. 
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Line Circuit Diagrams. *Mex. L. & P.; *Pa. W. &.P.; *Niag. L. & 

0. P.; W’n St’s. G. & E.; C. N. P.; Mt. Wh’y P. & E.; ’“Pug. S. T. 
L. & P. 

Design Drawings of Steel Towers with Details . Miss. R. P.; Yad. 
R. P.; Niag. L. &'0. P. (pipe towers); C. N. P. (pipe towers). 

Detail Drawings of Wood Pole Construction. Niag, L. & O. P. (pin 
details of A-frame top); Wash. W. P, (two-pole braced “ bridge ” 
construction, 2 types one circuit line with one ground wire, 2 types one 
circuit line with no ground wire, angle towers with grounded wire guards); 

also W n St s G. & E.; Pug. S. T. L. & P., (A-frame pole and pole-top 
switch); and X. 

Miss. R. P. Tower foundation drawing. 

Wash. W. P. Details of telephone line transposition. Detail of cable 
clamps and usual attachments for suspension insulators; wrought iron pin; 

details of extension of middle crossarm on steel towers added after erec¬ 
tion. 

Port. R. L. & P. Details of 11 jumper ” at strain pole and insulator 
attachment, detail of outlet and the first span of the line at power house. 

Niag. L. 0. P. Detail arrangement of room with transformers, 
electrolytic arresters and wiring. 

Mt. Wh y P. E. Details of 33,000- and 6600-volt telephone and 
railway crossing. 

Engineering Data Sub-Committee 


Percy H. Thomas, Chairman . 
W. A. Carle C. S. McDowell 


F. F. Fowle 
H. M. Hobart 
L. E. Imlay 
0. A. Kenyon 


Harold Pender 
E. B. Rosa 
W. S. Rugg 
C. E. Skinner 


A. S. McAllister C. W. Stone 


♦Showing sectionalizing of busbars, types and locations of circuit breakers, etc. 
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Fig. 1 Yakdin River Power Co. —Standard Double 
Transmission Tower for 100-Kv. Lines 


Circuit 



Fig. 


Note:' 


2—Yadkin River Power Co.—Sag and Tension Curves for 
No. O. B. & S. Copper Strand. 

Maximum strain 25.000 lb. per sq. in. at 0deg. fahr., i in. sleet, 50 mi. per hr. wind 
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LIST OP MATERIAL FOR ONE COMPLETE TOWER. (See Fig 1). 


No. 

* 

Shape 

C 1 ~ 

Length 

Mark 

Remarks 

Weight in Lb. 

Size 

Ft. 

In. 

1 

L 

3x3 x 3/16" 

27- 

8 5/16 

C-l 


102.7 1 

3 

L 5 

3x3 x 3/16 

27- 

S 5/16 

C-2 


308.2 j 

1 

L i 

2f x 2f x 3-16 

21- 1 

.0 

C-3 


74.0 j 

3 

L 6 

2f x2| x3-16 

21- 1 

L0 

C-4 


222.0 j 

1 

L 

l\ x 21 x 1/8 

18- 

8 3/16 

C-5 


38.8 

3 

L 5 

2* x 2£ x 1/8 

18- 

8 3/16 

C-6 


116.6 j 

4 

L 5 

x 2£ x 1/8 

6- 

8 1/8 

C-7 

' 

55.6 

2 

L 6 

21 x 21 x 1/8 

6- 

41 

A-l 


26.5 

2 

L 5 

2i x 2| x 1/8 

6- 

41 

A-2 


26.5 j 

4 

L 6 

2$ x 2$ x 1/8 

6- 

41 

A-3 


53.0 

4 

L 8 

21 x 21 x 1/8 

6- 

41 

A-4 


53.0 j 

4 

Flats 

If x3/16 

7- 

5 9/16 

A-5 


23.8 | 

4 

Flats 

U x3/16 

7- 

6 3/8 

A-6 


24.0 

4 

Flats 

11x3/16 

9- 

4! 

A-7 


30.0 

6 

'pS 

41 x 3 x 8.4 

0 

5 3/16 

A-8 


21.8 | 

4 

L 6 

11 x 11 x 1/8 

25 

5 7/8 

W-l 


125.4 

4 

L 6 

11 x llxl/8 

25 

5 7/8' 

W-2 


125.4 | 

8 

L 5 

11 x 11 x 1/8 

2 

41 

W-3 


19.2 

8 

L 8 

11 x li x 1/8 

5 

7 3/8 

W-4 


45.3 1 

8 

L 8 

11 x 11 x 1/8 

4 

8 3/8 

W-5 


37.9 

16 

L 6 

llxllxl/8 

7 

0 3/8 

W-6 


113.6 

4 

L 6 

2f x2f x 1/8 

10 

Uf 

W-8 


100.5 

8 

L 5 

Uxllxl/8 

11 

8 9/16 

W-9 


115.2 ! 

8 

L 8 

llxllxl/8 

10 

3 15/16 
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Fig 7—Niagara, Lockport and Ontario Power Company. 
Standard A-Frame Structure. 



?ig. 8—Canadian Niagara Power Co. Tower at Niagara Crossing 
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Fig. 9 Appalachian Power Co. Pole Line Construction Standards 
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Fig. 11—Toronto Power Co. 
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Fig. 16—Western States Gas and Electric Co. Triangular Con- 
. STRUCTION OF 60,000-VOLT TRANSMISSION LlNE. 
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Fig. 17—Great Western Power Co. Tops of Two Special Towers 

at Isleton 
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Pig. 18— Puget Sound Traction Light and Power Co. Square 
Turn on 60,000-Volt Line Construction 



Fig. 19—Mt. Whitney Power and Electric 
Co. Standard Construction for 35,000 Volts 



Fig. 20 The Washington Water 
Power Co. Overhead Ground Wire 
Support, Odessa Transmission Line 
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Fig. 21—Western States Gas and Electric 
Co. Flat Construction of 60,000-Volt Trans¬ 
mission Line. 



Fig. 22—Washington Water Power Co. 
Pole Top Construction for Wilbur Hartline 
Transmission Line 



Fig. 23—Mexican Light and Power 
Co. 85,000-Volt Roof Bushing 
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* 



Fig. 24—Niagara Falls Power Co. 
Insulator and Pin 



SECTION A*A 


Fig. 25—Puget Sound Trac¬ 
tion, Light & Power Co. In¬ 
sulator Pin for Crossarm, 
60,000-Volt Pole Line, Heavy 
Construction. See Fig. 26 
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Fig. 29 —Southern Sierras 









PROFILE 

Fig. 31 —Mississippi River Power Co. Transmission Line 
Crossing Mississippi River at Keokuk, Iowa 
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Fig. 35—Great Western Power 
Co. Tower Footings for Stan¬ 
dard Towers 
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Tower on Compression Side of 
Angles 
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Fig. 37—Great Western Power Co. 
Footings forJAnchor Tower on 
Tension Side of Angles 
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Fig. 38 Washington Water Powe 

Co. Gravel Anchor for Stee 
Towers 
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Fig. 39 —Niagara, Lockport and Ontario Power Co. Ground for 

Transmission Line Towers 





Fig. 40—Great Western Power Co. Bases for 37-deg. Angle 

Tower 
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Fig, 42—Pennsylvania Water and Power Co. Concrete Founda 

tion for Heavy Towers 
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.To Outdoor A rresfer 



Fig. 45 Mexican Light and Power Co. Proposed Roof Entrance 
for High-Tension Lines at Nonoalco Substation 



Power Co. Detail of Wall 
Entrance for High-Tension 
Line, Odessa Substation 

\ 










Fig. 48 —Niagara, Lockport and Ontario Power Co. Detail of 
High-Tension Outlet through Wall 


























52 —Pennsylvania Water and Power Co. Diagram of Generating and Transmission System 
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Fig. 53—Pennsylvania Water and Power Co. Diagram of Sun- 


station Circuits 



Fig.‘54—Pennsylvania Water and Power Co. . Deflection of 
Cables for Transmission Line No. 1, Baltimore 
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Mexican Light and Power Co., Ltd., Vertical and Hori¬ 
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Fig. 59—Washington Water Power Co. Transposition 
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Fig. 60—Washington Water Power Co. Detail of 
Telephone Insulating Stand for Lineman 
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Fig. 



62 Southern Sierras Power Co. 
Detail of 56-Ft. Steel Pole 
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Fig. 65—“ X.” 


Detail of Pole Top—50,000-Volt Single-Circuit 
Transmission Line 
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APPENDIX 

Following is the list of questions submitted to high-tension 
operating companies from which the answers to the foregoing- 
data have been compiled. 

A 


THE LINE AS A STRUCTURE. 
Ox^ly Systems of 25,000 Volts or Higher 


1. Outline drawings of your standard high-tension lines. Side view 

of span and a view at the tower looking along the line. 

2. Give height of pole or tower, dimensions and locations of crossarms 

and position of wires, distance between two circuits on same 
towers, foundations, show all overhead grounded wires, etc. 
Attach sketches hereto. Also give: 

3. Total length of main line. Altitude. General air 

temperature range. 

4. Size and material of conductor, core, if any, etc. 

5. Length of standard span. 

6- Sag is at temperature of deg. cent. 

». Manufacturer and manufacturer’s catalogue number of high-tension 
line insulator. 

8. Material of insulator. 

9. Standard clearance above ground at middle of span. 

10. Minimum clearance above roadways. Over railways. 

11 . Details of pin construction. 

12. Form of strain insulators. (Sketch preferred, with catalogue number 

and make of insulator.) 

13. How many units in series? 

14. Dry test given standard line insulator. 

15. Dry test given strain insulator. 

16 . Wet test given line insulator. 

17. Tftet test given strain insulator. 

18. How is the "loop ” in the conductor around the strain insulators 

at an anchor tower made? 


19. Describe fully any exceptionally long 

hereto. 

20. Describe any special features of line 

interest. 


spans, and attach description 


construction having particular 


22 ' Describe Tff ° f * ngle ’ horizoiltal or v «tical, or main line. 

‘ Xs OUtl6tS fr ° m buildin 2 s for high-tension 

23. How are steel towers grounded? 

24 ' W £ er ® y st f ms at different voltages are connected together on the 
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[THOMAS] 

outhern Sierras Power Co. Sam Bernardino Outdoor 
Transformer Station 


% [THOMAS] 

Fig. 67 —Southern Sierras Power Co. Outdoor Transformer 
Station at the San Bernardino Generating Plant 



























PLATE LXI, 

A. I, E. E. 

VOL. XXXIII, 1914 



[ttiomasJ 

riG. 68 Southern Sierras Power Co. Lone Pine Substation— 

60,000-Volt Non-Automatic Circuit Breakers 



Fig. 


O _ [thomas! 

Southern Sierras Power Co. Lone Pine Substation 
























[THOMAS] 

Fig. 70 —Southern Sierras Power Co. View of Substation at Lone 

Pine 



[THOMAS] 

Fig. 71—Southern Sierras Power Co. Control Station near 
Mouth of Bishop Creek Canyon—Commencement of Transmission 
to San Bernardino 























PLATE LXIII, 
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[THOMAS] 

riG. 72 Pennsylvania Water and Power Co. Nicholson’s Light¬ 
ning Arresters 



Fig. 73—Southern Sierras Power Co. Control Station at Bishop, 
Showing Double Break, Pneumatically-Operated, Synchronizing 
Circuit Breakers 
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[THOMAS] 

Fig. 75 —Mississippi River Power Co. Roof Structures for 110,000- 

Volt Line Entrance 


[thomas] . 

Fig 74 —Southern Sierras Power Co. Transformer Station, 

Power Plant No. 6 
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[THOMAS] 

Fig. 76 —Mississippi River Power Co. Turn in Line at Tower No. 12 




«. I. fc. t. 

VOL. XXXIII, 1914 



[thomas] 

Fig. 77—Pennsylvania Water and 
Fower Co. Standard Angle Tower 



[thomas] 

Fig. 78—Southern Sierras Power Co. 
Transmission Line under Wind Stress 


(See deflect'on of insulators.) 



[thomas] 

Fig. 70—Pennsylvania Water and Power Co. Part of Interior of 


Switch Room, Generator Station, Showing Reactances 
















































PLATE LXVII, 
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[THOMAS] 

Fig. 80—Pennsylvania Water and Power Co. 
70,000-Volt Bus Room, Holtwood 
Resistances in Neutral Ground Connection 
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B 

CALCULATION OF LINE 

Conditions on which the Original Design of the Line was Based 

1. Size of conductors and elastic limit and modulus of elasticity assumed 

in the design 

2. Elastic limit and modulus by actual test. 

3. Same for overhead grounded wires if used. Design value 

Test value * 

4. Breaking strength assumed in the design . ' Breaking strength 

by test 

5. Maximum strength pin, assumed in the design . As determined 

by test 

6. What maximum stress conditions were specified in the design for poles 

or towers, to determine their strength, e.g., was it made a condition 
that the line should stand, if all conductors were cut on one side of 
tower? 

7. Maximum wind stress assumed for bare wire, pounds per square foot 

of projected area. 

8. Accompanying air temperature assumed for question 7. 

9. Maximum and minimum air temperatures assumed for determining 

limits of sag. 

10. Maximum thickness ice assumed on conductor. 

11 Accompanying air temperature assumed for question 10, 

12. Accompanying wind pressure assumed for question 10, pounds per 

square foot of projected area. 

13. Are special “ strain ” or “ dead-end ” towers used on tangents? 

14. .If so, where, and how often? 

15. What stress conditions are these special towers designed to stand? 

16. Have you any towers made flexible in the direction of the line? 

17. If so, where are they placed, and how often have you dead-end towers? 

18. What stresses are the flexible towers designed to stand, longitudinal 

and transverse? 

19. If the outline of such flexible towers is not given under “ Line Struc¬ 

ture,” please give sketch here. 

20. Where suspension type insulators are used, what maximum angular 

deflection from the vertical under transverse wind strains was 
assumed in the design? 

21. What was actually found (a) Steady wind conditions? 

(b) Swings? 

22. What factors of safety were used in the design? 

a. Conductor, compare elastic limit with load 

b. Tower structure 

c. Overturning foundations 

d. Overhead grounded wires 

23. Is the overhead grounded wire relied upon as part of the mechanical 

supporting structure in the direction of the line? 
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c 

OPERATION 

1 What is the standard method of cutting off high-tension lines, both 

for light and loaded lines? 

2 How do you cut off a main line short circuit that holds on? 

3* Do you use automatic overload circuit breakers? If so, where? 

4 Are they instantaneous, inverse time limit or definite time limit? 

5 What settings do you use on overload breakers and on time limit 

relays? 

6. Do you use several relays with different time limits on different parts 

of a circuit and if so do the short time relays protect the others? 

7. Do you use reverse energy relays? If so, what type? . . 

8. When do they operate selectively? When non-selectively? 

9. Can you clear a heavy main line short circuit without a synchronous 

load dropping out of step? If so, how, and under what conditions? 

10. Do you operate any lines parallel at both ends? In this case can you 

cut out trouble on one line automatically without losing the load? 

11. How do you locate line troubles? 

12. Do you operate all lines from one busbar? 

13. If so, is it a high-tension or low-tension busbar? 

14. In case of several stations, are all connected directly to the same 

network? 

15. How many power houses are connected to one system? 

16. How many of these are water power? 

17. How many are steam? 

18. What are the capacities of each? 

19. What is the maximum total load in system? 

20. How do you regulate distribution of power between power stations? 

21. How regulate voltage? 

'22. How do you secure constant voltage at intermediate points on a long 
line? 

23. Where several power houses are connected to the same system, what 

happens when a short circuit occurs near one power house, that is, 
how does it affect the rest of the system? 

24. Is the high-tension neutral gounded? If so, at how many points? 

25. If so, is it through resistance? 

26. Answer for each point of grounding. 

27. If so, how much resistance? 

28. How made up? 

29. Have you ever operated, for even a brief period of time, with the 

* 

line wire grounded? 

30. If so, how long? 

31. What was the effect on the rest of the system? 

32. Have you a circuit breaker relay in connection with a grounded 

neutral to cut out automatically a single grounded line wire? 
If so, how arranged? 

33. What is the total normal charging current of the system? 

34. What is the power factor of the load at the generating station? 
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35. Do you use the method of operation which consists in dividing the 

plant into self-supporting groups and connecting the groups at 
some point to facilitate the carrying of peak loads and putting 
instantaneous overload breakers in these connections so that 
when trouble occurs in one section the others will be immediately 
cut off by these breakers and left to operate alone? 

36. What are most common causes of interruption of service? If possible 

give the percentage of total interruptions caused by various kinds 
of trouble. 

37. Have you any lead-covered cables operating at 20,000 volts or higher? 

If so, what sort? What success? 

38. Are any such cables in series with overhead lines? If so, 

what protection is used? 

39. What is the difference in voltage between the two ends of the line 

at full load? Specify the load and power factor at one end of theline 
and the length of the line. 

40. How and where are the operations of the system controlled? 

41. Do you have automatic voltage regulators on any of your generators? 

42. If so, what kind? What results? 

43. Have your oil switches ever failed to open a heavy load or short 

circuit? 

44. If so, under what conditions? What type of switch? 

45. Do you work on one line on a tower with another line alive? 

46. As a matter of experience do your line insulators fail on laboratory 

test by flash-over, or by puncture? 

47. As a matter of experience do your line insulators fail in service by 

flash-over, or by puncture? 

48. Where suspension insulators puncture, which insulator in the string 

is the most likely to puncture? 

49. Do the strain insulators fail more often than the vertical suspension 

strings? 

50. Do you use synchronous apparatus to correct power factor? 

If so, how? With what success? 

51. Do you use reactance coils for this purpose? 

52. Have you had any trouble from mechanical oscillations or waves or 

swinging of your transmission conductor? If so, please explain. 

53. At what frequency or frequencies do you operate? 

Note. If the above questions are not suited to bring out the methods of 
operation or points of interest of your plant, please give such ad¬ 
ditional information as you may desire. 


D 

LIGHTNING AND LIGHTNING PROTECTION 

1. What type and make of high-tension arresters do you use? 

2. Where located in line? That is, whether indoors, outdoors, at exit 

from building, out on line, at what substations, etc. 

3. Total number on lines 

4. For what discharge voltage are they set, that is, at what margin over 

line voltage? 

&r Hpyv often are they charged, if electrolytic arresters are used? 
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, j o rjnes tills do away with. high- 

6 . Is charging resistance used? _ u 

frequency effect at time of charging. 

7. How many lightning storms in average season. 

8 . How often do arresters discharge? grounded? 

9 Do they discharge whenever one leg of the lm g h en 

10. How long will they stand a continuous discharge safely, as when 

there is a permanent ground on a line wire. a to 

11. How many interruptions of service on mam line per season due to. 

12. How’ m n any cases of high-tension station apparatus injured by light- 

13 HovTmany ^ine insulators punctured by lightning per season? 

14. How many line insulators cracked by arc over ^ace per season 

15. Are resistances used in ground connections of lightning arresters 

16. If so, how much? 

17 Of what material and how made. , ,„„ ar A w : rp<; 

Note IfVou have had any experience with overhead grounded^gu 

on your transmission line, please summarize your evidence as to 
their effectiveness and give as a separate statement your view 
as to the desirability and effectiveness of such protection. 

E 

SPECIAL PROTECTION FEATURES 

I. Do you use arc “ suppressors?” . 

2 Do you use automatic grounding devices. . 

3 ‘ Do you use automatic line short-circuiting devices? 

4 If you use any of the above, please give a brief outline of their 

principle of operation and your experience with them as fully 

as you may be willing to do so. > • t 

5 Do you use any other special forms of protective apparatus against 

short circuits, interruptions, or grounds, such, for example, as 

static cable protectors? . 

6 . Do you use reactance coils in your circuits to prevent too heavy 

short-circuit currents? 

7 . If so, where are they located, in the system 

8 What maximum current do they permit on fu vo age. 

9 ’ What could be the maximum short-circuit current of the system 
at the same point without these reactances coils. 

10. Have you had any objectional features of such reac ance . 

II . Do^you^Rwer the generator field strength in case of trouble, 

either by hand or automatically? 


TELEPHONE 

1. How does your company telephone line run on^the transmission 

Doles or towers? . ,' ,. 

2. If not, how is it run and by what route with regard to the mam 

line? 
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3. What size and material are the conductors?* 

4. How far spaced from transmission line, how are the telephone lines 

themselves spaced? 

5. How transposed? 

6. How is power line transposed? 

7. What precautions are taken to protect users of the company 

phones? 

8. Is the phone usable at all times during operation? 

9. If not, when is it not usable? 

10. What is the effect upon the telephone line of various sorts of 
trouble on the transmission line? 

G 

PRESERVATION OF WOOD 

1. Do you use any treated wood? 

2. If poles, how do you treat them? 

3. If crossarms, how do*you treat them? 

4. If pins, how do you treat them? 

5. How have they lasted? What length of time and under what general 

conditions? 

6. How much does it cost to treat? 

7. What disadvantages has treating? 

8. For what conditions do you advocate wood, the use of wooden 

poles or crossarms? 

9. Have you any special means of protecting pole butts from decay 

or fire? 

H 

MISCELLANEOUS 

1. Have you outdoor substations? 

2. Have you outdoor transformers? 

3. Have you outdoor switches? 

4. If either, please state essential features briefly and whether you 

are pleased with them. 

5. Do you use “breathers” to keep moisture from tanks of out¬ 

door type of apparatus? What sort and what success? 

6. Does moisture actually penetrate your weatherproof tanks? 

7. How do the high-tension terminals act in wet weather? 

8. How do you protect tanks from the heat of the sun? 

9. Have you tested oil from outdoor apparatus that has been over a 

year in service? If so, what result? 

10. Do you follow the overhead crossings specifications prepared for the 

national standard by the Joint Committee on Overhead Line 
Construction of the N. E. L. A.? 

11. Do you use any bimetallic or copper-clad cables? 

12. If so, are they satisfactory? How used? 

13. Any observations on corona? 
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Discussion on £i Engineering Data Relating to High- 
Tension Transmission Systems ” (Sub-Committee Re¬ 
port: Thomas), Detroit, Mich., June 25, 1914. 

John B. Fisken: On page 1023 it is stated for the Washington 
Water Power Company, u We have noted no deterioration in 
conductors.” That, as far as I know, was true up to within 
the past few weeks. Since I left home I have been advised that 
a very serious deterioration has been noticed in some of the 
conductors. I have a small sample of wire here which was sent 
to me at Detroit, which I will give to the chairman; it shows the 
deterioration to which I refer. I do not know what the cause 
is, and I cannot account for it, unless it is a corona effect. 
It appears to be a very serious matter. This line has been in 
operation about eleven years. The first eighteen months it 
was operated at about 45,000 volts, and since then at 60,000 volts. 
The triangle is 42 inches. The insulators are carried on iron 
pins and wooden poles, and until about two years ago the pins 
were not grounded. At that time we did ground the pins and 
that has had some effect on the wire, possibly. I merely call 
your attention to this to show that we at any rate have found 
deterioration in the conductors. 

Percy H. Thomas: There is a marked deterioration in the 
wire; a wasting away in spots of the metal at least 1/16 in. deep., 
We are greatly indebted to Mr. Fisken for bringing this point 
forward/ and it is a matter that we should all bear closely in 
mind. What part of the system was this taken from, and what 
were the conditions surrounding the line at that point? 

John B. Fisken: The climate is such that for about two 
months in the summer there is practically no rain. The average 
annual precipitation is about 22 in., and the elevation where 
that wire was taken down was about 2500 ft. 

Percy H. Thomas: Was this deterioration noticed generally 
over the system, or at some particular location? 

John B. Fisken: We have only gone over a few miles of the 
line, and it has been noticed all over that portion. This matter 
has only come up within the last month, so we have not had time 
to make a full examination of the rest of the line, which is about 
100 miles long. 

S. C. Lindsay: The Committee states that there were only 
a few companies using protective relays, and that the Puget 
Sound Traction, Light and Power Company does not state 
the result of selective action. When the data were compiled 
we had only two lines equipped with reverse-power relays, and 
we had not had a case of trouble on either line since they were 
installed. The question of equipping our whole system with 
automatic relays had been thoroughly investigated, and the 
equipment was being installed when these data were supplied. 
Since forwarding these data to the committee we have had 
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several cases of trouble, and on the whole are getting very 
encouraging results from our automatic relays on networks of 
lines. We have three networks, 50,000-, 13,000- and 2200-volt 
lines. Our relay installation is not complete at this time, 
but within the course of a year our company will be able to 
contribute additional data on the question of automatic relays 
for protecting networks. 

Percy H. Thomas: The matter of protecting telephone lines 
on the same towers as high-tension lines, or even in the same 
general neighborhood and paralleling high-tension lines, is a 
most important one. There are two difficulties encountered, 
the difficulty of talking and hearing, and the danger to the 
operator. 

The difficulty of talking is due to electrostatic, and, to some 
extent, electromagnetic, induction between the high-tension 
line and the telephone line. It is of course the long parallelism 
between them that makes the situation serious, on account of 
the very great sensitiveness of the telephone. The telephone 
line is so sensitive to this disturbance that putting the telephone 
line a mile away from the power line will not prevent interruption 
of telephone service under most conditions whenever the power 
line is grounded or short-circuited, or by the charging of elec¬ 
trolytic arresters, or almost any kind of electrical disturbance. 

If the telephone line is a mile away and has not protective 
means, talking is usually impracticable when the power line is 
upset from any cause. It is relatively easy, however, to protect 
such a telephone line so that talking is good, for example 
by the use of drainage coils. The drainage coil is a transformer 
winding connected between the two telephone wires and having 
its middle point grounded. 

The characteristic of the voltage disturbance produced in a 
telephone line by the power line, which distinguishes it from the 
useful voltage in the telephone line producing the talk, is the fact 
that induction from the power line affects both telephone wires 
alike. If the induction is such as to raise the potential of the 
telephone wires they are both raised at once, and if it is such as 
to lower the potential they are both lowered at once. Talking 
through telephone wires, on the other hand, produces potentials 
positive on one telephone line and negative on the other. The 
power disturbance raises them or lowers them together. A device 
which will prevent a change of potential of the same sign in the 
two wires, but will permit potentials of opposite signs to exist 
in the two wires, gives the desired result of permitting talk 
and resisting induction. The drainage coil does just this. The 
induced currents which- tend to flow to ground at the same time 
from the two telephone wires are unimpeded, since the magnetic 
effects in the windings will neutralize each other, and will not 
produce any magnetism in the core of the transformer. There¬ 
fore, the only impedance to ground they meet is due to the resist¬ 
ance of these windings and’ to whatever magnetic leakage there 
may be between the two halves of the winding. 
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Obviously, the disturbance produced in the telephone wires 
by the power line is of such a nature as to send a charging current 
into, or out of, the two telephone wires at the same time, If 
no charging current can flow, the induction affects the potential 
of the two wires. With a connection to ground, the effect of 
the disturbance is to produce charging current in the two wires. 

It is impossible to eliminate absolutely the resistance offered 
by the drainage coil to the charging current to ground, but the 
residual 50 or 100 volts, of course, is immaterial.. The one pre¬ 
caution to observe with this kind of protection is to make sure 
that there is no condition in which the power line disturbance 
can produce so large a charging current to the telephone wires 
through the drainage coils as to burn them out. 

Where the exposure of a telephone line to a high-tension line 
is a good many miles, it is good practise to have a number of 
these drainage coils, so if anything happens to one, others will 
remain, and protection at any one point does not depend on a coil 
a .hundred miles away. 

So much for the first type of disturbance of the telephone line, 
and drainage coils, properly installed, are pretty nearly sufficient 
for protection. 

The second type of disturbance is the danger to operators. 
The 1 to 1 transformer is certainly a very great protection, but 
remember this—-they are generally tested at not over 25,000 
volts, which is hardly sufficient, on a 100,000-volt system, to give 
absolute protection. It is desirable to have spark gaps and fuses 
as well. 

The insulating transformer very materially cuts down the trans¬ 
mission of speech. It is not possible to speak as clearly through 
the insulating transformer as if the transformer were not there. 

Ernest V. Pannell: In view of the very valuable data given 
in this report, it is scarcely fair to criticise its lack of completeness, 
but I think it would have been more interesting if it had been 
possible for the report to show how the design of the line is in¬ 
fluenced by the conducting material used. In going through 
this list of transmission lines, it is notable that 40 per cent of 
them are using aluminum conductors to a greater or less extent. 
In addition we see a metal in use which I believe is copper-clad 
steel, and also steel-core copper and steel-core aluminum. Now 
if we had a thorough and exhaustive report, comparing these 
various materials side by side, with their advantages and dis¬ 
advantages, and the various experiences in operating them, it 
would, I am sure, fill a very wide gap in our practical knowledge 
of transmission line design at the present day. 

With particular reference to long spans, of course this, is 
the incentive which has brought most of these high-tenacity 
materials into use, and in this connection it has frequently been 
said that aluminum is good for spans which do not exceed six 
or seven hundred feet. In view of the remarks of the Pacific 
Gas and Electric Company in this report, however, and of other 
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I wonder if there is anyone present who can give us any further 
information about that steel-aluminum cable. 

E. E. F. Creighton: I wish to say a few words about the 
vacuum lightning arrester which has been under development 
for a number of years, to have no misunderstanding of the limi¬ 
tations of its use. Mr. Emerson P. Peck has taken the initiative 
in applying this arrester to the protection of telephone wires 
situated on 11,000-, 22,000- and 110,000-volt lines of the Georgia 
Railway and Power Company. The lightning arrester was de¬ 
veloped specifically for signal circuits of steam railways and it 
was intended in these circuits to make the arrester so that it 
would never short-circuit. A short-circuited arrester on a signal 
circuit means a false signal of safety, and therefore is very dan¬ 
gerous. This arrester was developed with that idea in mind, 
to avoid the danger of short-circuiting. As a result, the arrester 
will stand momentarily 1000 amperes of direct current at 600 
volts, while a circuit breaker opens, without having its electrodes 
welded together—in fact, it will do this a number of times. 
Opening up an arrester after tests of that kind we found the elec¬ 
trode very much shrunken in size, but in no case was the electrode 
melted in such a way as to come in contact with the outer copper 
tube. I am not bringing this matter up at this time to describe 
the arrester, but to describe the limitation, and therefore I shall 
pass immediately to the point in mind. 

While the arrester was developed to withstand heavy current 
for a brief time, it was not given sufficient cooling area to dis¬ 
charge a small current for a long time. It frequently happens 
that an accidental arcing ground occurring on a system lasts for 
a considerable length of time before it is removed. If this 
arrester is so placed that discharges pass through it during this 
period it is liable to be overheated and damaged. Mr. Peck 
has apparently found no trouble from this source, and it is prob¬ 
ably due to the fact that continuous discharges do not take place 
for a long time through the arrester in the position in which it 
was used. An arrester having plenty of cooling surface can be 
made for this particular service and a few of them have been 
put out. I think the important point is that with the arrange¬ 
ment that Mr. Peck has used* it seems unnecessary to take the 
precaution of using a larger lightning arrester and a more ex¬ 
pensive one in order to keep it cool. 

In the matter of the damage done to the wire which Mr. Fisken 
showed, we have had in certain types of apparatus which we have 
built in the laboratory something quite similar that makes us 
think it is the same thing. An electrostatic relay in which an 
insulator was used to furnish the electrostatic pull produced just 
such corona, which formed nitrous oxide, and with the natural 
moisture in the air, formed nitric acid. This corona discharge, 
which was a little heavier than the blue discharge which gives 
ozone, was confined in a glass box. The nitrous oxide continued 


*Pages 1042-1046, this volume. 
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to increase in density, and as a result every one of the metal 
parts inside, except the aluminum, was very badly corroded. 
It would seem that this is the same thing that Mr. Fisken 
found, in that the wire is eaten out directly above the insulator 
where it lay on top of the porcelain, in the location where the 
corona would be the strongest. Taking into account the 
high altitude and the fact that the insulators were made many 
years ago, it would lead one to believe that the static charging 
current in that insulator might be sufficient to get the corona 
above the value which causes ozone, into that region of discharge 
where nitrous oxide is formed. One can easily determine visually 
the intensity of corona discharge which forms nitrous oxide. It 
is marked by the appearance of definite little threads or bright 
streamers in the otherwise uniform blue brush discharge. 

Percy H. Thomas: What Professor Creighton says certainly 
sounds very reasonable, and I want to ask Mr. Fisken if any 
of the insulators in this neighborhood are on wooden pins. 

John B. Fisken: All iron pins. 

Percy H. Thomas: Have you examined the tops of any of 
the pins—do they show any sign of deterioration? 

John B. Fisken: No. 

Percy H. Thomas: I should say the iron would be attacked 
by nitrous oxide if it existed. 

John B. Fisken: We have taken off a number of pins and 
never noticed anything of that kind. 

Percy H. Thomas: Are they set in cement? 

John B. Fisken: No, in lead. 

Percy H. Thomas: The digestion of tops of wooden pins 
suggests this same sort of action. 

F. W. Peek, Jr.: The explanation of the brush discharge as 
the cause of the deterioration of the line conductor, which Mr. 
Fisken has shown, is undoubtedly the correct one. This occurs 
at or near the insulator. Where the wire is tied to the insulator 
there is the metal conductor, a thin film of air, a thickness of 
porcelain, and the pin. There is thus a condenser with the line 
conductor as one plate, air and porcelain in series as the di¬ 
electric, and the metal pin as the other plate. The voltage 
across this condenser is equal to line voltage divided by V3. 

The same dielectric flux passes through the porcelain to the air. 
The permittivity of air is 1 and of porcelain is 5. The porcelain 
“ conducts ” the dielectric flux five times as well as air. The 
voltage gradient in the the air film is thus five times what it 
is in certain parts of the porcelain. This air film breaks down 
as a brush. Air consists of a mechanical mixture of oxygen and 
nitrogen. The oxygen is 02(0 = 0) and is inactive. In the 
brush it splits up as 0. Recombination takes place as 0 2 and 



^ ozone, 



Both 0 and 0 3 are chemically active and 


oxidize the conductors. At high gradients on tB.e air, nitrogen 
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also combines with the oxygen and in the presence of moisture 
forms nitric acid. This also attacks the conductor. Each 
insulator is a small ozone and nitric acid generator. It can 
be prevented by a properly placed corona shield. 

Aluminum is affected to a much less extent by the above 
cause. Either aluminum or copper may, however, deteriorate 
very rapidly due to desulphurizing, and other mining processes. 

Percy H. Thomas: I want to call attention to the fact that 
it is not excessive line potential, primarily, that breaks down the 
small air gap between the insulator and the conductor, it is the 
fall of potential across the air gap itself. With a small enough 
air gap, a low potential will produce this breakdown. Mr. Peek 
has spoken of a similar action in the windings at the end of 
the coils of the armature of a 200- or 300-volt generator, where a 
concentration of potential may under some circumstances be 
sufficient to produce this acetic or nitric acid formation, and de¬ 
teriorate the insulation. The same thing occurs in rubber- 
covered underground cables where there is a great concentration 
of potential, and when the ends of the rubber covering are 
exposed to the air there is oftentimes a hardening or deterioration 
of the rubber due to oxidation from the formation of ozone. 
Those of you who use suspension insulators may feel secure in 
this matter with the idea that the insulators are connected to 
the conductor by a metal clamp, and no difference of potential 
can occur to form nitric acid on the conductor in the clamp. 

R. Fleming: Regarding the action of nitric acid under at¬ 
mospheric conditions, I do not remember having seen it proved 
very conclusively just what action takes place. It seems to me 
we have here an opportunity to get at least tentative proof as 
to what action takes place. It is surely chemical. On examining 
the sample of wire you will find there is plenty of deposit which 
would enable a chemist to analyze and determine its chemical 
nature. It is probably sulphate, it may be nitrate, or it may 
be carbonate of copper. The electric discharge alone would 
probably not disintegrate wire in the manner here shown. 

H. H. Norton: I would suggest that a number of samples 
be collected and submitted for analysis to some chemist capable 
of performing such an analysis. It would require considerable 
work to do it. I ask Mr.. Fisken if there are any smelters in the 
vicinity. Smelter fumes are likely to produce sulphates. 

M. von Recklinghausen: I have examined this piece of wire, 
and to me as a chemist it looks strange that it is attacked deeply on 
two points. These are probably the points where the tie wire 
has touched this wire. There may be two explanations here— 
one is mechanical, but I do not think that is likely. The other 
may be electrolysis. The tie wire is not of the same metal, 
although both are supposed ..to be pure copper. Both are not 
pure copper. They are different in composition, and it is pos¬ 
sible that there is some electrolytic action going on between 
the two and the humidity from the atmosphere. I offer that 
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air gap, a low potential will produce this breakdown. Mr. Peek 
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sufficient to produce this acetic or nitric acid formation, and de¬ 
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can occur to form nitric acid on the conductor in the clamp. 
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M. von Recklinghausen: I have examined this piece of wire, 
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although both are supposed ..to be pure copper. Both are not 
pure copper. They are different in composition, and it is pos¬ 
sible that there is some electrolytic action going on between 
the two and the humidity from the atmosphere. I offer that 
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tary way such a system might be represented by the diagram in 
rig. 1, herewith, which represents a generating station connected 
to a substation by two transmission lines. 

The normal condition of operation would be to have all of 
the generators in parallel on the bus A and all of the feeders in 
parallel on the bus D. The high-tension buses B and C would 
normally be opened by 5 and T. Switches E and G would be 
equipped with inverse time limit relays. Switches K , P, R 
and M would be non-automatic, and switches F and L would be 
equipped with reverse power relays. In case of trouble, then, 
on one line, say at X , the switch F would be opened by the re¬ 
verse power relay. Switch E would be opened by the overload 
relay. The load would be auto¬ 
matically thrown over to the other 
line without interruption of service. 

This means that for a short time 
the second line and its transformers 
would possibly be overloaded, but 
in the worst case such an overload 
would not exceed 100 per cent and 
the apparatus should be capable of 
carrying such an overload for a 
period of time sufficient To open 
switches K and M and close switches 
S and T } after which transformer 
banks H and I can again be put 
into service in parallel with V and 
W on the second line. 

The scheme of operation would 
be exactly the same if each of 
the four transformer banks shown 
were replaced by two or more 
banks, so long as they were 
paralleled on one high-tension 
line, under which conditions, in 
order to clear the line, it would be necessary to cut off all of 
the low-tension transformer switches involved. Usually it is 
not practicable to carry much over 20,000 kw. on a single 
transmission line, and a single bank of transformers can readily 
be used with a line of such capacity, that is, each single-phase 
transformer would be rated at say 6666 kw. Such a size 
would be economical for high-voltage design and the entire 
layout, would, be cheaper, as regards both transformers and 
switching equipment, than if a greater number of transformer 
banks were used. 

This system permits, under ordinary conditions, all of the 
automatic switching to be done on the low-tension side, which 
in itself is an advantage. Some tests were made about two years 
ago. on a large 44,000-volt system by putting spark gaps across in¬ 
dividual coils of the high-potential winding of a transformer 
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and setting up disturbances on the high-tension line. The volt¬ 
ages across the coils, indicated by the spark gaps, varied from 
somet hin g like three to four times normal in case of an arcing 
ground to about twenty times normal for operation of a high- 
tension switch. Such results merit careful consideration. Fur¬ 
ther, with the transformers grouped with relation to each line, 
instead of being paralleled on the high-tension bus, the effective 
reactance in circuit when a short circuit occurs in the high-tension 
line is so much higher that the rush of current is materially les¬ 
sened, thus decreasing the danger of damage to line insulators 
by high-power arcs and of burning off line conductors. T believe 
that entirely aside from any question of the danger of high-ten¬ 
sion swit chin g, the advantages of such a system of connections 
merit its use simply from the standpoint of decreased first 
cost of transformers and switching equipment, and the reduction 
in destructive effects of line disturbances, due to the increased 

In the past, some objection has been made to reverse energy 
relays, as it was claimed that under the potential drop due to 
short circuit they would fail to operate properly. This difficulty 
has been practically done away with in most of the reverse 
energy relays now on the market, and further, under the con¬ 
ditions which usually obtain, they will not operate on overloads. 
Only recently, in putting into service a 120,000-volt system, 
about 150 miles long, where the principles indicated above were 
carried out strictly, a short circuit was made on the high-tension 
side of one of the substation transformers. The reverse energy 
relay acted promptly, notwithstanding the drop produced by 
the short circuit. Several other occurrences took place causing 
line disturbances, such as a lightning stroke on the line close to 
the generating station, a short circuit produced by wire falling 
across transmission line, etc., but in each case the relays operated 
properly so as to cut out only the line in trouble, without inter¬ 
rupting service. The diagram, Fig. 1, shows only two simple 
stations. The. same principles, however, can be applied to any 
number of stations and substations tied together in a system, 
provided there are two transmission circuits. 

E. A. Lof: There is one point of particular interest in this 
report, and this is the section on pages 1029 and 1030 dealing 
with the operation of a system with one of the phase wires 
grounded. It is notable here that for systems of very high volt¬ 
age the effect of such an operation has been rather severe. One 
company, for example, states that it has had numerous punctures 
of insulators and breakdowns of bushings, while another com¬ 
pany states that the effects have been too severe to operate 
its system with one wire grounded. 

This brings out an important point. For a. Y-connected sys¬ 
tem with the neutral grounded, the grounding of one phase 
wire will short-circuit this particular phase and the circuit 
breakers will trip, thus entirely cutting out the line. For a non- 
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grounded, delta-connected system, however, the grounding of 
one phase will have the effect of increasing the capacity of the 
line. Under normal operation this capacity is in proportion of 
the voltage to the neutral, but when one line becomes grounded 
this voltage is increased to the full line potential, and the charg¬ 
ing current will be proportionately increased. This in turn 
raises the voltage at no-load, which will be about 70 per cent 
higher than it would be when under normal operation. Actual 
experience has proved that this is the case and it probably will 
be one of the most important factors which will decide against 
delta connection for systems of very high voltage. 

Selby Haar (by letter): The report which is now laid before 
the. Institute is a thorough piece of work, and one which fully 
entitles the committee to the special thanks of the members. 
It is regrettable, however, that approximately complete replies 
were obtained from less than one-fourth of the companies ad¬ 
dressed. 

The writer, having recently made a somewhat similar investi¬ 
gation (covering transmission systems all over the world, how¬ 
ever), would like to call attention to certain practises brought 
out in the report by citing other solutions of the same problems. 
(The numbering of the following items refers to the list of ques¬ 
tions given in the Appendix to the committee report). 

A- 2. The tower is seldom used abroad, metal poles being se¬ 
lected for high voltages, and wood or concrete for lower 
voltages. 

B-l to 15. The following data apply to a 70,000 -volt Swiss line 
recently built. 

1. 19-strand cables 0.394 in. diameter, breaking strength 
57,000 lb. per sq. in., E = 17,700,000 lb. per sq. in. 
(working stress 8500 lb. per sq. in.). 

3. 7-strand cables 0.315 in. diameter, breaking strength 
113,000 lb. per sq. in., E — 31,500,000 lb. per sq. in. 

6. Wind pressure only, for ordinary poles. 

7. 14.3 lb. per sq. ft. 

8. —25 deg. cent. 

9. +.40 deg. cent.; —25 deg. cent. 

10. Snow (not ice) 0.394 in. thick, weighing 10 lb. per cu. ft. 

11. — 25 deg. cent. 

12. 14.3 lb. per sq. ft. 

13. Yes. 

14. Every § to 1 mi. 

15. All wires on one side broken, and wind pressure of 20.4 

lb. per sq. ft. adding directly to conductor pull. 

B-23. This is not infrequently claimed. 

C-24. Jn Europe, the high-tension neutral is usually not 
grounded, but the generator neutral is. 

C-38. The transmission line of the Moutiers-Lyons direct-* 
current system in France, the operating voltage of which 
has reached about 80,000 volts, includes about 2.5 miles 
of cable (out of 112). 
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D- 1. Foreign operating companies use the same types of 
lightning arresters for all high tensions, namely, horn 
gaps with series resistance, reactance coils, and liquid 
static dischargers. Condensers are being tried in several 
places. There is also to be noted an attempt to proportion 
the whole transmission and switching system to minimize 
as far as possible the generation of excess voltages. 

E -1. The opinion of several experienced American engineers 
is that an effective arc suppressor. and a plain horn gap, 
set rather high, give protection which is “ hard to beat. 55 
For the benefit of members who have to examine certain 
features of transmission plants in great detail, a list of references, 
mostly to periodical literature, collected by the writer in his in¬ 
vestigation (Electrical World , April 25, 1914, p. 925) is appended. 
In this list are descriptions, etc., of over fifty plants designed for 
70,000 volts or above. 

High-Voltage Power Transmission Systems 
Pacific Light and Power Co., 150,000 volts. 

Elec. Jl. 1913, p. 768. 

Elec. Rev. & West. Elecn. 3-1913, p. 583. 

Elec. Wld., 6-1912, p. 1200, 1342; 11-1913, p. 1108; 1-1914, p. 337, 385. 
Elek. Zeit., 10-1913, p. 1242. 

Eng. News, 11-1913, p. 843. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Au Sable Electric Co., 140,000 volts. 

Elec. Wld., 4-1912, p. 795, 843; 6-1912, p. 1195. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Lundquist, “ Transmission Line Construction,” p. 46. 

Southern Sierras Power Co., 140,000 volts. 

El. Rev. & West. Elecn., 10-1912, p. 814. 

Elec. Wld., 8-1912, p. 298; 8-1913, p. 234. 

Elek. Zeit., 10-1913, p. 1242. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Jl. Elec., Pr., Gas 7-1913, p. 1, 33. 

Utah Power & Light Co., 130,000 volts. 

Elec. Wld., 7-1913, p. 106. 

G. E. Rev., 1913, p. 359. 

Pacific Gas & Electric Co., 125,000 volts. 

Elec. Wld., 11-1913, p. 1055.. 

Eng. Rec., 11-1913, p. 573. 

West Penn. Traction & Water Power Co., 125,000 volts. 

Elec. Rev., & West. Elecn. 11-1912, p. 990; 4-1913, p. 726. 

Elec. Wld., 6-1912, p. 1280. 

Iron Age, 11-1912, p. 1296. 

Tennessee Power Co., 120,000 volts. 

Elec. Rev. & West. Elecn., 2-1913, p. 267. 

Elec. Wld., 4-1912, p. 820; 3-1913, p. 644,696; 5-1913, p.llll; 10-1913, 

p. 868. 

Power, 3-1914, p. 360. 
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Connecticut River Transmission Co., 120,000 volts. 

Elec. Wld., 10-1913, p. 685; 3-1914, p.565. 

Inawashiro Hydroelectric Power Co., 115,000 volts. 

Elec. Wld., 3-1912, p. 524; 5-1913, p. 1058. 

Engg. London, 10-1913, p. 35. 

Z. V, d. /., 4-1912, p. 569. 

Au Sable Electric Co., 110,000 volts. 

Elec. Wld., 11-1906, p. 841; 11-1907, p. 850; 2-1909, p. 354; 9-1909, p. 

664; 6-1912, p. 1195. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

Eng. Rec., 10-1907, p. 418, 462. 

G. E. Rev., 1909, p. 86. 

Hydroelectric Power Commission of Ontario, 110*000 volts. 

Elec. Wld., 1-1912, p. 33, 96, 137; 6-1912, p. 1195. 

Elecn., London, 3-1912, p. 912. 

Elek. Kr. & B., 1909, p. 337; 1910, p. 526, 727. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

G. E. Rev., 1912, p. 336; 1913, p. 352. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Trans., A. I. E. E., 24-1905, p. 807. 

Lundquist, “ Transmission Line Construction,” p. 45. 

Lauchhammer, A. G., 110,000 volts. 

Elec. Wld., 10-1911, p. 1057; 6-1912, p. 1195. 

Elek. Zeit., 1911, several places; 10-1913, p. 1242. 

Lundquist, “ Transmission Line Construction,” p. 96, 97. 

Georgia Railway & Power Co., 110,000 volts. 

Elec. Rev. & West. Elecn., 2-1913, p. 267. 

Elec. Wld., 5-1911, p. 1127; 6-1912, p. 1195; 12-1913, p. 1257, 1309. 
Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

Eng. News, 1-1914, p. 240. 

G. E. Rev., 1912, p. 336; 1913, p. 352; 1914, p. 608. 

Alabama Power Co., 110,000 volts. 

Elec. Wld., 3-1912, p. 610; 1-1913, p. 68; 6-1913, p. 1278; 9-1913,p.527 
G. E. Rev., 1913, p. 386. 

Mississippi River Power Co., 110,000 volts. 

Elec. Wld., 4-1913, p. 715; 5-1913, p. 1157. 

Elek. Zeit., 10-1913, p. 1231, 1242. 

Eng. Mag., 4-1913, p. 53. 

G. E. Rev., 1912, p. 336; 1913, p. 352; 1914, p. 85, 375. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Lehigh Navigation Electric Co., 110,000 volts. 

Elec. Wld., 4-1913, p. 902; 5-1914, p. 1035, 1093. 

Cedar Rapids Manufacturing & Power Co., 110,000 volts. 

Elec. Wld., 4-1913, p. 902; 7-1913, p. 105; 8 -1913. p. 319. 

Eng. Rec., 10-1913, p. 461. 

G. E. Rev., 1913, p. 336. 

Mexican Northern Power Co., 110,000 volts. 

Elec. Wld., 5-1913, p. 1190; 7-1913, p. 155, 
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G. E. Rev., 1912, p. 336. 

Ebro Irrigation & Power Co., Ltd., 110,000 volts. 

Elec. Wld., 1-1913, p. 212. 

Chile Exploration Co., 110,000 volts. 

Elec. Wld., 5-1913, p. 1191. 

Eng. & Min. Jl., 1-1914, p. 63. 

Sierra & San Francisco Power Co., 104,000 volts. 

Elec. Wld., 6-1912, p. 1193; 9-1908, p. 667; 10-1908, p. 946. 

Elek, Kr. & B., 1910, p. 160. 

Eng. Mag., 4-1913, p. 53. 

Eng. News, 5-1909, p. 516. 

G. E. Rev., 1912, p. 336; 1913, p. 352. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Lundquist, “ Transmission Line Construction,” p. 45. 

Great Palls Power Co., 102,000 volts. 

Bull. A. I. M. E., 8-1913, p. 1907. 

Elec. Wld., 6-1912, p. 1195. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

G. E. Rev., 1911, p. 149, 207; 1912, p. 336; 1913, p. 352. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Trans. A. I. E. E., 1911, p. 2002. 

Yadkin River Power Co., 100,000 volts. 

Elec. Wld., 3-1911, p. 748; 4-1911, p. 799; 5-1911, p. 1128; 8-1911, p. 261, 
4-1912, p. 774. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

G. E. Rev., 1912, p. 336. 

Colorado Power Co., 100,000 volts. 

Elec. Wld., 1-1910, p. 217, 6-1910, p. 1649; 6-1912, p. 1195, 1205. 

Elek. Zeit., 10-1913, p. 1242. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

.Lundquist, “ Transmission Line Construction,” p. 47. 

Taylor, “ Transformer Practise,” p. 270. 

Great Western Power Co., 100,000 volts. 

Elec. Rev. & West. Elecn, 2-1913, p. 267. 

Elec. Wld., 8-1909, p. 471; 9-1909, p. 657, 712; 6-1912, p. 1193, 1195; 

6-1913, p. 1277. 

Elek. Kr. & B., 1910, p. 160. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 3-1910, p. 851, (vol. 38). 

Eng. News, 5-1909, p. 516. 

G. E. Rev., 1911, p. 6, 1912, p. 336; 1913, p. 352. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Trans. A. I. E. E., 1911, p. 1994. 

Taylor, “ Transformer Practise,” p. 270. 

Southern Power Co., 100,000 volts. 

Elec. Jl., 1911, p. 329. 

Elec. Wld., 12-1907, p. 1241; 3-1910, p. 741; 7-1911, p. 17; 6-1912, p. 
1195. 
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Elek. Kr. & B., 1911, p. 175. 

Elek. Zeit., 10-1913, p. 1242. 

G. E. Rev., 1909, p. 551; 1910, p. 24; 1912, p. 336; 1913, p. 352. 
Eng. Mag. 4-1913, p. 53. 

Trans. A. I. E. E., 1908, p. 819; 1911, p. 1998. 

Lundquist, “ Transmission Line Construction/' p. 48. 
Shawinigan Water & Power Co., 100,000 volts. 

Elec. Wld., 5-1912, p. 953, 1015; 6-1912, p. 1195. 

Elek. Zeit., 10-1913, p. 1242. 

G. E. Rev., 1913, p. 352. 

Los Angeles Aqueduct, 100,000 volts. 

Elec. Wld., 1-1912, p. 30; 5-1913, p. 955. 

Eng. Rec., 8-1913, p. 476. 

Tata Hydroelectric Co., 100,000 volts. 

Elec. Wld., 6-1913, p. 1332; 11-1913, p. 950. 

Engr., London, 4-1911, p. 402. 

Engg., London, 10-1913, p. 547, 578. 

Eng. Rec., 11-1913, p. 

Societa Italiana di Elettrochimica, 88,000 volts. 

D'Elettricita, 12-1913, p. 72. 

Elec. Rev., Lond., 11-1910, p. 832; 12-1910, p. 913. 

Elec. Wld., 9-1910, p. 741. 

Elecn., Lond., 4-1910, p. 67. 

La Rev. Elec., 8-1910, p. 119. 

Appalachian Power Co., 88,000 volts. 

Elec. Wld., 11-1912, p. 1141. 

Eng. Mag., 4-1913, p. 53. 

G. E. Rev., 1912, p. 336; 1913, p. 352. 

Taylor, “ Transformer Practise,” p. 270. 

Rio Janeiro Tramway Light & Power Co., Ltd., 88,000 volts. 

Elec. Wld., 5-1909, p. 1153; 8-1909, p. 367; 4-1913, p. 897. 4 
Elecn., Lond., 8-1911, p. 694. 

Elek. Kr. & B., 1910, p. 584; 1911, p. 175. 

Tasmania Hydroelectric & Metal Co., 88,000 volts. 

Australian Mining Standard, 3-1911, p. 296. 

Elec. Wld., 4-1912, p. 820. 

Engg., Lond., 11-1910, p. 709. 

Garcke, “ Manual of Electrical Undertakings,” vol. 17, p. 1437. 
Mexican Light & Power Co., 85,000 volts. 

G. E. Rev., 1912, p. 336. 

Trans. A. S. C. E., vol. 58, 1907, p. 37. 

Taylor, “ Transformer Practise,” p. 270. 

Toronto Power Co., 85,000 volts. 

Elec. Rev. & West. Elecn.,. 7-1906, p. 138. 

Eng. Mag., 3-1910, p. 855. 

Trans. A. S. C. E., vol. 65, 1909, p. 181. 

Lundquist “ Transmission Line Construction,” p. 43. 

Taylor, “ Transformer Practise,” p. 270. 

Victoria Falls & Transvaal Power Co., 84,000 volts. 

Jl. (British) I. E. E., 6-1913, p. 2. 
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Trans. So. Afr. I. E. E., 1913, p. 170. 

Klingenberg, “ Baugrosser Elektrizitaetswerke,” p. 177. 

Energia Electrica de Cataluna, 80,000 volts. 

Engr., Lond., 10-1912, p. 384. 

Z. V. d. I., 11-1912, p. 1791. 

Swedish State Railways, 80,000 volts single-phase. 

Elek. Kr. & B., 11-1913, p. 658; 3-1914, p. 161. 

Katsuragawa Denryoku Kabushiki Kaisha, 77,000 volts. 

G. E. Rev., 1912, p. 336. 

Southern California Edison Co., 75,000 volts. 

Elec. Wld., 8-1907, p. 277, 317, 359, 401; 10-1909, p. 1039; 6-1912, 
p. 1190, 1195. 

Au Sable Electric Co., 72,000 volts. 

Elec. Wld., 11-1906, p. 841, 9-1907, p. 528. 

Elek. Zeit., 1909, p. 478. 

Societa Generale Elettrica dell’Adamello, 72,000 volts. 

Elecn., Lond., 7-1912, p. 608, 649. 

Engr., Lond., 9-1912, p. 293, 319, 349, 373, 401. 

Eng. News., 12-1911, p. 764. 

Montana Company, 70,000 volts. 

Bull. A. I. M. E., 8-1913, p. 1907. 

Elec. Wld., 7-1901, p. 53; 5-1908, p. 1088; 8-1910, p. 432. 

Elek. Kr. & B., 1911, p. 175. 

Eng. News, 10-1910, p. 430. 

Trans. A. S. C. E., vol. 50, 1903, p. 212. 

Taylor, “ Transformer Practise,” p. 270. 

Hidroelectrica Espanola Molinar, 70,000 volts. 

Elek. Zeit., 1911, p. 535, 561, 586, 766. 

Pennsylvania Water & Power Co., 70,000 volts 

Elec. Wld., 10-1910, p. 929; 5-1911, p. 1125; 8-1912, p. 395; 11-1913 
p. 924; 2-1914, p. 314. 

Eng. Mag., 3-1910, p. 855; 4-1913, p. 53. 

G. E. Rev., 1912, p. 36, 336, 658; 1913, p. 352, 389, 390. 

Swedish State Railways, 70,000 volts. 

Die Turbine, 3-1911, p. 202. 

Elek. Kr. & B., 1912, p. 126, 763. 

Engr., Lond., 5-1912, p. 587. 

Ming. & Eng. Wld., 5-1912, p. 1085. 

City of Winnipeg, 66,000 to 72,000 volts. 

Elec. Rev. & West. Elecn., 12-1911, p. 1119. 

Elecn., Lond., 3-1912, p. 831, 870. 

Engg., Lond., 7-1912, p. 107, 143. 
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PROVISIONAL SPECIFICATION FOR INSULATOR 

TESTING* 

Covering inspection and Tests of High-Tension Line 
Insulators of Porcelain, for Over 25,000 Volts 


« * 

The present provisional specification was approved and 

recommended by the Power Transmission Committee of the 

American Institute of Electrical Engineers, February, 1915. 

SPECIFICATION 

Introductory: 

This specification covers certain methods of test and in¬ 
spection which have been found well suited for testing high- 
tension line insulators for use under the ordinary conditions of 
power transmission work. It is expected to serve as a skeleton 
or model specification and may be supplemented by such ad¬ 
ditional provisions as may be appropriate for any particular case. 

Certain portions of the specification are added as a guide where 
designs are to be offered by several bidders for competitive tests. 
In such a case bidders will understand from the specification all 

the requirements they must ultimately meet if their bids be ac¬ 
cepted. 

GENERAL SPECIFICATION COVERING ALL TYPES OF 

INSULATORS 

1. a. This specification is intended to cover the checking of the 
design and the testing and the inspection of the factory out¬ 
put? of.porcelain insulators, cat. No. 

of .Company; to be manufactured for the * 

.Company. 

This specification was revised in February 1915 and is printed here 
in its amended form. 
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b. The operating voltage is.and the frequency 

is. 

c. Definitions: By “ insulator ’’ is meant the complete in¬ 
sulator or group! of insulating members including all the parts 
necessary to support the conductor from the crossarm or 
on the pin as the case may be. 

By “ unit ” or “unit insulator ” is meant a suspension in¬ 
sulator element complete*, having a metal cap and pin. 

By “ shell ” is meant a single porcelain piece without cement 

or cap or pin. 

2. Drawings: 

A dimensioned drawing shall be furnished showing the com¬ 
plete insulator and metal parts, or, if the insulators are built 
up or composed of a string of units, showing the details of a unit 
and all the clearances between units and metal parts. 

3. Inspection: 

The maker will give to the purchaser or his representative 
such access to his works at all times during working hours as is 
reasonable and necessary to determine the suitability of material • 
to be supplied, and shall furnish all necessary apparatus, labor, 
and other facilities for making the tests herein called for without 
cost to the purchaser. All good insulator units destroyed in the # 
tests here called for are to be paid for by the purchaser at the con¬ 
tract price.. 

All insulators are subject to final inspection, test and accept¬ 
ance at maker’s factory. 

Neither the inspection nor waiving of inspection nor the pur¬ 
chaser’s acceptance will relieve the maker from obligation to 
furnish material in accordance with this specification. 

4. Design: 

All insulators shall be designed as far as may be practicable 
to fail by flash-over and not by puncture under excess voltage 
tests, especially under impact tests. 

Insulators shall be of robust construction and design so as 
not to be easily injured in handling. 

Explanatory Note: 

The ultimate criterion of the merit of an insulator is its per¬ 
formance in service and the best available measure thereof is its 
behavior under definite tests. However, as no practicable 
tests actually reproduce service conditions, for example in the 
matter of high-frequency voltage or deposits of dust, criticism 
on theoretical grounds is valuable, and, other things being equal, 
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preference should be given to the insulators most closely con¬ 
forming to theoretically best designs. 

Altitude: 

Careful attention in specifying flash-over voltages should 
be given to the fact that for varying altitudes the break¬ 
down strength of air varies approximately though not exactly 
as the barometric pressure. 

Metal Parts 

5. Corrosion: 

All metal parts shall be of non-corrodible material or shall be 
galvanized or sherardized in accordance with the specifications 
for galvanizing prescribed by the joint committee of the National 
Electric Light Association in its Specification for Overhead 
Crossings of Power Lines Above Telephone and Other Low- 
Voltage Lines. Surfaces shall be free from roughness or pro¬ 
jecting points; bearing surfaces shall be smooth enough not to 
injure cables.. 

6. Factor of Safety: 

Metal parts shall have a factor of safety of at least three over 
the maximum stress that they receive in service, except that 
with pins for pin type insulators the factor may be re¬ 
duced to two where a higher factor is impracticable. The 
maximum service strain is here agreed upon as-lb. 

Porcelain 

7. Quality: 

All porcelain shall be dense and homogeneous as is best adapted 

to high-tension insulator requirements, free from injurious 

cracks, blisters and flaws or other defects that would render it 

unfit foi use in insulators. The burning of all porcelain sections 

shall be done so as to insure even vitrification but shall 

not render the porcelain unduly brittle. The surface shall 

be smooth and uniform and the body of the porcelain shall be 
moisture-proof. 

8. Glazing: 

The glazing shall be of.color and of a reasonably 

uniform shade, smooth, hard and continuous over all surfaces 
except those to be in contact with the cement. It shall be un- 
affected by weather, ozone, nitric acid, nitric oxides, alkali dust, 
or sudden changes in temperature over the atmosphere range.' 

9. Absorption: Explanatory ?iote> 

While imperviousness of the porcelain to moisture is of 
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supreme importance, no satisfactory test of this quality is known. 

Cement 

10. Assembling: 

All cemented joints between insulator parts shall be carefully 
made, using for this purpose the best grade of neat Portland 
cement, thoroughly mixed, and plentifully supplied with moist¬ 
ure during setting. The assembly shall be so done that no 
hollows or voids will be left between the cemented surfaces. 
All superfluous cement must be cleaned off of the insulator before 
crating. 

Electrical Testing 

Note. Sections 11 to 15 inclusive are particularly applicable 
to competitive tests and to tests the results of which are to be 
compared to similar tests made with other testing apparatus. 
In cases where merely a comparative study of different designs of 
the same make is to be made, all tests being carried out on the 
same testing apparatus, it is usually satisfactory to use the 
standard test apparatus of a first-class maker. 

It should be definitely stated in the contract whether sections 
11—15, inclusive, are to be adhered to or not. 

11. Wave Form: 

The wave form of the generator shall be a true sine curve within 
the limits specified for generators by the Standardization Rules 
of the American Institute of Electrical Engineers and may be 
checked by the methods therein prescribed. 

12. Control of Voltage: 

The voltage shall be controlled in such a way as not to distort 
the wave form. 

One satisfactory method of control is the use of a regu¬ 
lator consisting of a shunt resistance connected directly across 
the low-voltage side of the transformer, and a series resis¬ 
tance in the supply. The shunt resistance must always by¬ 
pass at least five (5) times the exciting current of the trans¬ 
former. The principal control is effected by the series resistance. 
This method is often spoken of as the potentiometer method. 

13. Measurement of Voltage: 

The method of measuring the voltage on the test circuit shall 
be that method recommended by the American Institute of 
Electrical Engineers, covering such cases. 

14. Kilovolt-Ampere Capacity of Testing Apparatus: 

The kilovolt-ampere capacity of the testing apparatus, in- 
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eluding any series resistance used, is important, for the leading 
current taken by the insulators tends to alter the voltage of 
the test apparatus. The maximum current taken from the 
test apparatus shall not be so great as to distort the voltage 
wave more than permitted for generator electromotive force 
waves by the A.I.E.E. Standardization Rules. 

15. Surrounding Conditions During Tests: 

In design checking tests of insulators having an operating voltage 
not exceeding 75,000 volts, no object other than leads and 
supports should approach nearer than 6 ft. (1.8 m.) to the in¬ 
sulator. For insulators having a higher operating voltage, the 
conditions for the “ design test 77 of complete insulators should 
be made as nearly as practicable the same as the conditions 
of actual service as regards the grounding of one side of the 
insulator and the arrangement and distance of grounded objects 
in the neighborhood. A conductor of 6 ft. (1.8 m.) or more in 
length, extending» equally on both sides of the clamp, should 
be used to represent the transmission wire. 

Note In these tests the walls of the room will ordinarily in¬ 
troduce a very serious departure from the conditions of outdoor 

service. Open-air tests where feasible are preferable from this 
point of view. 

Routine tests, not being on complete insulators or insulator 
strings, do not require these precautions. 

16. Frequency: 

Tests should be made at the frequency at which the insulator 
is to be used. Where special agreement is made tests may be 
made at 60 cycles on insulators intended for use on higher and 

error of a serious magnitude will be ex¬ 
pected within the range of 25 to 133 cycles. 

17. What Constitutes a Breakdown or a Flash-over: 

* is said to u fail 57 or “ break down 77 under a 

voltage test whenever a puncture occurs in any part of the in¬ 
sulator. It is said to flash over when a discharge of any sort passes 

a . wa y from one terminal to the other, since such a 

discharge would be followed by an arc on a power line. 

Local breakdown, either corona or local sparks, while an im¬ 
portant symptom, indicating severe local stress, does not consti¬ 
tute a flash-over. ^ The weight to be given to such local break¬ 
down, however, is a matter of judgment. 
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18. Rain Tests: 

Water should be sprayed on the insulator at a uniform rate 
averaging 1 in. (2.5 cm.) depth in 5 minutes, and should be 
reasonably uniformly distributed over the whole insulator. The 
rate of precipitation shall be measured by collection of water in 
a pan at the location of the insulator, the insulator being removed. 
A fairly satisfactory spray in the form of a fine mist can be ob¬ 
tained by some forms of spray nozzles where pressure is avail¬ 
able. 

The spray shall strike the insulator at an angle of approxi¬ 
mately 45 deg. with the vertical. 

The water used shall have a high specific resistance, not 
less than 5000 ohm-inches (12,700 ohm-centimeters). Pure 
water may often be obtained from condensed steam or 
melted ice, preferably artificial ice, or rain. Municipal water 
supplies are often so impure as to seriously impair the per¬ 
formance of the insulator on the wet flash-over. 

When insulators are to be u,sed in localities subjected to salt 
spray or alkali or acid mists, or to conditions producing dew 
deposits, special tests may be agreed upon. 

19. Puncture Under Oil: 

Tests on a certain percentage of insulator units, ordinarily not 
exceeding \ of one per cent, should be made to determine the 
ability of the insulator to resist puncture and to measure the 
uniformity “of the product. This test is best made by submerging 
the insulator in oil. 

For this test each suspension insulator unit should be com¬ 
pletely assembled with its standard metal parts. 

With pin type insulators there should be attached to the head 
of the insulator wires representing the tie and line wires, and a 
metal pin should be placed in proper manner in the pin hole. 

The test voltage should then be applied to the metal parts in 
each case. The puncture value obtained under these conditions 
should not be less than 150 per cent of the dry flash-over voltage 
and should,where possible, be much higher. In the case of suspen¬ 
sion units a factor approaching 200 per cent has sometimes 
been obtained. 

The puncture voltage that must be met in the actual tests 
(§25) should be here specified for each contract, viz., ... .volts. 

In making the test, apply to the insulator a voltage 30 to 40 
per cent below the dry flash-over value and then raise the 
voltage gradually or by steps, until puncture occurs, at a rate of 
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about 10,000 volts per second. The puncture value of porcelain 
is very sensitive to the length of time voltage near the maxi¬ 
mum is applied; the puncture voltage may be lowered as much 
as 20 per cent by long-continued application of the test voltage. 

20. Series Spark Gap: 

In routine testing, it is well to have a short air gap between 
each insulator under test and the testing line, that the character 

of the charging current may be judged by the appearance of 
the arc. 


21. Inspection: PIN TYPE INSULATORS 

All parts shall be inspected before assembling. 

22, Routine Tests, Electrical Tests Before Assembli?tg: 

All insulator shells, before being assembled, shall be tested 
for three minutes at the voltages given in the following’table. 
Should any shell be punctured in the last minute of test, the 
test will then be continued, after the removal of the punctured 
piece, until no puncture occurs in one full minute of test. These 


tests are to be conducted by inverting the parts in pans of 
water and placing water inside the several pieces, the poten¬ 
tial then being applied to the two bodies of water. 

Note. The water both inside and outside shall be filled to 
within one quarter of an inch of the highest point to which 
the later applied conducting parts, including cement, will extend. 

The individual tests in the various shells shall be as follows: 


. volts 

Second Shell. f « 

Third Shell. « 

Fourth Shell. « 

Center. « 


23. Routine Tests 1 ——-Final Electrical Test: 

All completed insulators shall be tested according to one or 
the other of the four following tests. One of these tests 
should be definitely specified for each lot of insulators tested 
under these specifications. 

a. The insulators in groups shall be subjected to a voltage stead¬ 
ily applied just below the flash-over voltage fora period of three 
minutes. The voltage shall be held at such a point that a flash 
shall occur over some insulator of the set occasionally, but not 
more often than once in three seconds. This tjsst involves a 
steady voltage stress and gives an opportunity for the heating 
up to the puncture point of any spots in the porcelain which may 
be sufficiently defective. For this test it is therefore objection- 
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able that there should be frequent flashing over, as each flash- 
over presumably removes the potential from all insulators for 
one alternation. 

If an insulator of the group punctures during the last minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. 

b. The insulators in groups shall be subjected to a voltage in 
excess of the flash-over voltage so that a continuous succession of 
flash-overs exists, this being continued for a period of two minutes. 
This test is intended to introduce the effect of impact and 
consequently continual flash-oyer is necessary. 

c. The insulators in groups shall be given test (a) above, fol¬ 
lowed by test (b). The first test may be changed into the second 
by merely raising the potential without removing the voltage. 
In this case the time of the second part of the test should be 
reduced to one minute. 

d. This test is the same as test (b) above, except that instead 
of applying this testing to insulators in groups, the insulators 
shall be tested singly and the voltage continued for a period of 
20 seconds. 

Note. In all the tests (a), (b), (c) and (d), above, it is important 
that the current be so limited in volume that no power arc shall 
follow a flash-over, as otherwise the voltage will be substantially 

removed from the insulators during the continuance of the power 
arc. 

24. Design Test — Mechanica 1 : 

The following design test shall be made on enough complete 
insulators, usually not exceeding of one per cent, to determine 
the behavior of the design and the uniformity of the product. 

The insulators shall be capable of withstanding for 15 seconds 
without signs of distress a pull of.. lb. (.kg.) 

applied at the tie-wire groove in a direction at 90 deg. with 
the axis of the insulator and pin. For the purpose of making 
this test, the insulator shall be mounted on the pin to be used 
in service. In case of failure the question as to whether the 
insulator or the pin is at fault shall be determined by testing 
again with a solid steel pin turned from a piece of round steel of 
such dimensions that this piece of steel acting as a pin for the 
insulator will^not bend under the above-mentioned load. 

It is desirable that a number of insulators be tested to 
destruction to show approximately the margin in mechanical 
strength. 
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25. Design Tests — Electrical: 

The following design tests shall be made on enough complete 
insulators to determine the performance of the type. The in¬ 
sulator shall stand without failure: 

a. A test for flash-over , dry , of three times the potential be¬ 
tween line wires, applied for one minute. 

b. A test for flash-over, wet , of not less than two times the po¬ 
tential between line wires, applied for one minute. 

c. Puncture test under oil shall be made as specified under 
§19 above. 

SUSPENSION TYPE INSULATORS 

26. Routine Tests Electrical Test Before Assembling: 

All insulator shells shall be tested according to one or the 
other of the three following tests. One of these tests should 

be definitely specified, for each lot of shells tested under this 
specification. 

a. The shells in groups shall be subjected to a voltage 
steadily applied just below the flash-over test for a period of 
three minutes. The voltage shall be held at such a point that a 
flash shall occur over some shell of the set occasionally but not 
more often than once in three seconds. This test involves a 
steady voltage stress and gives an opportunity for the heating up 
to the puncture point of any spots in the porcelain which may be 
sufficiently defective. For this test it is therefore objectionable 
that there should be frequent flashing over, as each flash-over 

presumably removes the potential from all insulators for one 
alternation. 

If a shell of the group punctures during the last minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. 

b. The shells in groups shall be subjected to a voltage in 
excess of the flash-over voltage so that a continuous succession of 
flashes exists, this being continued for a period of two minutes. 
This test is intended to introduce the effect of impact and conse¬ 
quently continual flash-over is necessary. ' 

c. The shells in groups shall be given test (a) above, followed 
by test (b). The first test may be changed into the second by 
merely raising the potential at the end of the first test. In this 

case th.e time of the second part of the test should be reduced 
to one minute. 

Note 1. In all the tests (a), (b) and (c), above, it is important 
that the current be so limited in volume that no power arc 
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shall follow a flash-over, as otherwise the voltage will be sub¬ 
stantially removed from the shells during the continuance of 
the power arc. 

Note 2. In making these tests the insulator shells are to be 
inverted in a pan of water and water placed in the inside. The 
water both inside and outside shall be filled to within one quarter 
of an inch of the highest point to which the later-applied 
conducting parts, including cement, will extend. 

27. Routine Test—Mechanical Test: 

After at least ten days setting of the cement, all units shall 
withstand for 3 seconds without signs of distress a mechanical 

pull of.lb. (.kg.), in line with the axis of the 

insulator. Insulators may be given this test after a shorter 
period of setting, at the risk of the maker. 

28. Routine Test—Final Electrical Test: 

All completed insulator units shall be tested according to one 
or the other of the four following tests. One of these tests 
should be definitely specified for each lot of insulators tested 
under this specification. 

a. The insulator units in groups shall be subjected to a voltage- 
steadily applied just below the flash-over test for a period of three 
minutes. The voltage shall be held at such a point that a flash 
shall occur over some unit of the set occasionally but not more 
often than once in three seconds. This test involves a steady volt¬ 
age stress and gives an opportunity for the heating up to the 
puncture point of any spots in the porcelain which may be 
sufficiently defective. For this test it is therefore objection¬ 
able that there should be frequent flashing over, as each flash-over 
presumably removes the potential from all units for one alter¬ 
nation. 

., t 

If a unit of the group punctures during the last, minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. 

b. The insulator units in groups shall be subjected to .a-voltage 
in excess of the flash-over voltage so that a continuous succession 
of flashes exists, this being continued for a period of two minutes. 
This test is intended to introduce the effect of impact and 
consequently continual flash-over is necessary. 

c. The insulators in groups shall be given test (a) above, 
followed by test (b). The first test may be changed into the 
second by merely raising the potential at the end of the first: 
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test. In this case the time of the second part of the test should 
be decreased to one minute. 

d. This test is the same as test (b) above, except that instead 
of applying this testing to units in groups, the units shall be 
tested singly and the voltage discharges continued for a period 
of 20 seconds. 

Note. In all the tests (a), (b),(c) and (d) above, it is important 
that the current be so limited in volume that no power arc shall 
follow a flash-over, as otherwise the voltage will be substantially 

removed from the insulators during the continuance of the power 
arc. 

This test shall be made after the mechanical test above pre¬ 
scribed, §27. 

29. Design Tests — Electrical: 

The following design tests shall be made on enough complete 
assembled insulators, not exceeding \ of one per cent, to deter¬ 
mine the performance of the type. 

a. A test for flash-over , dry , of one insulator unit having 
its normal position in the string and of a complete insulator 

string consisting of.. units, of.volts, and. 

volts respectively, applied for one minute. 

b. A test for flash-over , wet , of a single insulator and of the 

string, of.volts and.volts respectively, applied for one 

minute. 

c. The puncture test under oil shall be made as specified 
under §19 above. 

It is preferable that the arc-over of the complete insulator 
when the test voltage is sufficiently raised shall be over the insu¬ 
lator as a whole and shall not be over the individual elements. 
30. Design Tests — Mechanical: * 

The following design test shall be made on enough complete 
insulators, usually not exceeding J of one per cent, to determine 
the behavior of the design and the uniformity of the product. 

After at least two weeks setting of the cement, the insulators 
to be tested shall withstand for 15 seconds without signs of distress 

a pull of ... lb. (. kg.) in -line with the axis of 

the insulator. 

It is desirable that a number of these insulators be pulled to 

destruction to show approximately the margin in mechanical 
strength. 

*■' APPENDIX 

The following tests are recommended as desirable where appro- 
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priate. They are not incorporated in the above specifications 
as experience with them is not yet sufficiently broad. 

31. Uniformity Puncture Test: 

Twenty-two single insulators, chosen at random from stock, 
which have passed all routine tests, shall each in turn be punc¬ 
tured under oil as provided for oil tests in §19 above. Any twenty 
of these values of puncture voltage shall then be selected by 
the maker. The difference between the maximum and minimum 
of these twenty puncture voltages must not be more than 20 
per cent of the average voltage. This test should be repeated 
with one or more additional groups of 22 disks, not exceeding in 
the aggregate J of one per cent of the total, enough to determine 
the uniformity of the product. In case of failure of the lot to 
pass this test, the other insulators from the same burnings shall 
be tested as specified under §28, but for a period 5 times that 
there specified. 

32. Design Test—Impulse Test:* 

Some form of impact or high-frequency test is of the greatest 
importance in testing high-voltage insulators, at least for the de¬ 
sign tests. Two or three forms of such tests have been proposed, 
and it is expected that a supplement to this specification will 
be issued when these tests have been sufficiently standardized. 

33. Design Test—Combined Mechanical and Electrical Test: 

The following design test should be made upon enough in¬ 
sulators to determine the performance of the design and the uni¬ 
formity of the product. 

An insulator placed in an insulated testing machine and im¬ 
pressed with a voltage just under or just over the flash-over 
voltage (as may be agreed upon), shall be subjected to a grad¬ 
ually increasing mechanical pull until puncture occurs. 

The insulator should not puncture at less than twice, or, pre¬ 
ferably, three times the maximum pull to which the insulator 
is to be subjected in service, as fixed in §6 above. 

34. Uniformity—Brittleness Test , Applicable Especially to 
Suspension Insulators: 

The following uniformity test should be made upon enough 
insulator units to determine the performance of the design and 
the uniformity of the product. 

A completed insulator unit which has passed all routine tests 

♦For an example of the application of such a test see paper by Imlay 
and Thomas, Trans. A. I. E. E. Vol. XXXI, 1912, p. 2121. 
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shall be placed in ice wate* and the temperature of the water 
raised to boiling. The heating should not begin until after the 
insulator has been in ice water 60 minutes to permit all parts 
to come to the same temperature. The water should then be 
heated at a uniform rate of about one degree cent, per minute. 
After remaining at boiling temperature for 30 minutes the 
unit may be removed and should afterward be tested either 
by the measurement of its insulation resistance, using one or two 
thousand volts for the measurements, or by the standard routine 
electrical test (§28), or both. 

35. Percentage of Failure in Routine Tests. The percentage of 
punctures in the electrical tests is a rough measure of the burning 
of the porcelain and the care in manufacture. A relatively 
large percentage of failures, perhaps over 5 per cent, sug¬ 
gests under-firing. It is recommended that the following mod¬ 
ification be applied to routine tests §23 and §28: 

“When* the percentage of punctures in any group of insulator 
units or shells under test simultaneously, exceeds 5 per cent, 
the length of the time of application of the test voltage shall be 
doubled for that group’ 7 . 
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Discussion on “ Specification for Insulator Testing— 
Covering Inspection and Tests of High-Tension 
Line Insulators of Porcelain, for Over 25,000 Volts 55 
(Engineering Data Sub-Committee). Detroit, Mich., 
June 25, 1914. 


Percy H. Thomas: Last year, the High-Tension Transmission 
Committee presented a “ sample ” or u model ” or il skeleton 
specification, as it might be called, for the testing and inspection 
of high-tension porcelain insulators. This has been quite ex¬ 
tensively remodeled during the present year, without greatly 
changing the fundamental ideas of the specifications. Pre¬ 
sumably this discussion will be the last chance for any effective 
criticism. I wish to open the subject by giving a few words 

of explanation in answer to a number of the suggestions which 
have been made. 


. ^ W1 ^ call attention first to the fact that the high-tension 
insulator industry has developed under existing conditions, until 
at the present time it has reached large proportions. These 
insulators are all tested and used according to certain customary 
methods which are now well understood and generally accepted* 
It is not practicable for the Institute to step in and pass a resolu¬ 
tion saying that hereafter the industry shall change about and 
follow some specification which it would present, radically differ- 
ent from the former practise. If our specification is to be used 
at all it must be close enough to present methods, so that it can 
be followed without upsetting the general practise of the indus¬ 
try. This is our first limitation. 


e second limitation is the fact that the manufacturers of 
insulators have their own electrical testing apparatus and 
mechanical testing apparatus, and it is only a very small per¬ 
centage of the insulators actually manufactured and used that 
are tested on any other apparatus. We now have in addition 
wo or hree laboiatories, outside of the electrical manufacturing 
companies, where tests can be made, but they are not accessible 
to a. very large number of the users of insulators, and our speci¬ 
fication must be so drawn that it will fit into the particular in¬ 
stallations of testing apparatus at the manufacturers’ plants. 

Another thing which limits the extent of change that may be 
embodied m the proposed specification is the fact that the tests 
which the purchaser usually makes on his insulators are an in¬ 
tegral part of the manufacturing process of the manufacturing 
companies. The manufacturing companies rely on this inspec- 

TO A^ an< l a larg ? extent > to che ok up and eliminate and 

weed ouffhe bad material from their product. We should draw 

our specification m such a way that this will continue to be the 


w !^ at P er haps you have forgotten, that the back- 
nf'L^^yPU^ation was originally drawn by the engineers 
ot one of the insulator companies. Mr. Peek also gave us a 
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model specification. Most of the meat of Mr. Peek’s specifi¬ 
cation was put over into the manufacturer’s specification. 

Perhaps the greatest value of this testing specification is the 
stating in definite form for the average engineer those particular 
facts, those broad methods, those general characteristics, which 
the most experienced engineers have found to be the most help¬ 
ful in selecting and testing insulators. There is a good deal of 
educational matter in the specification that has been seriously 
objected to by a number of those who have favored us with criti¬ 
cisms, and I can understand their point of view—it goes against 
their sense of proper form for a specification on which materials 
are to be bought to include explanatory sentences and general 
statements, but, looking at the matter from a broad point of 
view and considering the practical results to be obtained, it 
seems to me these educational interpolations are a very important 
part of the whole. 

There is great objection on the part of some to the use of 
the words “ design test ” to describe those tests which are 
made on a few insulators to determine the characteristics 
of the type, as distinguished from the routine tests made on every 
insulator. From a certain point of view the design should, as 
the critics claim, be determined before the test specification is 
adopted. However, the actual tests given in the specification 
as design tests should be made as called for in most cases, so 
that it reduces to a question of terms, and the term used is 
frequently used and I know of none better. 

One of the suggestions that comes most frequently is that 
we specify the minimum size of transformer capacity that is 
safe for testing insulators. The necessity of using large-capacity 
transformers occurs only when comparative tests are to be made 
on different transformers or where for some other reason sine 
wave form is important. Ordinarily for routine tests it is desir¬ 
able to limit the capacity of the testing transformer to prevent 
arcs on the insulators. The manufacturers of insulators have 
transformers of limited capacity installed, some of them of 
peculiar design from the point of view of power transformer 
design, and most of them use some means of limiting the capacity, 
either series resistance or series choke coils, or weakening the 
field of the generator. 

Some one asked for a specification as to the quality of oil in which 
to make the oil puncture test, but I hardly think that is necessary. 
There is no trouble to get the insulator to puncture under oil, 
rather than flash over, and I cannot imagine that the quality 
of the oil would make much difference in the puncture quality 
of the porcelain. 

I would call attention to the so-called combined electrical and 
mechanical test in the appendix. This test calls for the applica¬ 
tion of mechanical strain while the electrical potential is on. You 
will remember last year at Cooperstown Mr. Nicholson gave 
us some data showing that certain insulators punctured with 
less than half their normal puncture value when mechanical strains 
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of less than half the ultimate strength were impressed upon them. 
The year past has shown an investigation of this matter and a 
very great improvement. The test is easily applied. ' One 
manufacturer has a wooden arm testing frame, and puts voltage 
on a single insulator, allowing it to flash over, or he applies 
the voltage just below the flash-over, as may be desired, and 
gradually brings up the mechanical pressure until the insulator 
punctures. 


CONTROL GAP 


E. E. F. Creighton: During the last three years we have 
given considerable attention to this matter of testing insulators, 
and I wish to take it up from a different point of view from that 
of the committee. I think the specifications are very desir¬ 
able in the form in which they are now presented—they are 
made, however, from the point of view of 
the man buying insulators, and I shall take . I 

the point of view of the man using insulators. .g) 

Mr. Thomas has pointed out the difficulty ll0V0LTS f* 

that a user has in getting testing apparatus 
with which to test the insulators, the cost of 
it, and the details involved in carrying out 
the work. It was about one and one-half 

years ago, when a paper was presented on this- 

subject in New York, that I had a very brief Vp b 
opportunity to show the oscillation trans- c P CONTROL GAP 
former as a method of testing insulators, but 8. 
the method has not been followed up in the jcl --^5G5'vJ 
proceedings of the committee—perhaps they _■'innnflflnreginps 

lack definite information on the subject. I __« n 

wish to give some instances of the use of this ^ 

method, and point out some of its advantages. h 

We staited out with a problem such as many ^—■—« D- 

have at the present time—namely, the fre- imhmKU*test 
quent _ loss of installed insulators. Forty of p 
these insulators were removed from a line IG ' 1 

and taken to the laboratory, and there was applied to them a 
bU-cycle test, and four insulators punctured under this test at 
the flash-over potential. The 36 insulators left were then 
tested out with a high-frequency transformer and all failed. 

I he diagram, Fig. 1, shows the well-known connections of an 
oscillating transformer set. The first circuit, at 110 volts say 
is stepped up to any convenient voltage, which I shall designate 
as 13 kv., which charges a condenser. The condenser sparks 
through an adjustable gap and coreless transformer The 
coreless tranrformer gives a high potential at a high oscillating 
frequency. The insulator to be tested is connected across the 
high-voltage side of this transformer. The potentialApplied 
to the insulator is gradually increased by starting with the con¬ 
trol gap very small and gradually screwing it open. By opening 
this gap carefully, any potential desired may be applied to the 
insulator at a frequency of several hundred thousand cycles 


INSULATOR UNDER TEST 

Fig. 1 
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per second, a convenient value being in the neighborhood of 
200,000 cycles. The natural make-up of these transformers will 
give from 100,000 to 300,000 cycles. There is little need at 
present to question the proper value of this frequency, whether 
100,000 or 200,000 cycles is to be used, because there has been 
such a tremendous step in going from 60 cycles to 200,000 cycles 
that an increase to 300,000 cycles is comparatively negligible 
in its effects. The higher the frequency the more the corona 
sparks follow the surface of the porcelain. 

With apparatus of this kind we have made a great many 
tests in the porcelain factory itself, also the tests of insulators 
taken from lines and of insulators fresh from the manufacturers. 
In the early work it was feared that the test was too severe, 
and it was, since we did not take precautions at that time to 
bring up the voltage gradually by opening the control gap. 
It soon 0 became evident that the voltage must be held under 
control and the adjustable control gap was therefore made an 
intrinsic part of the apparatus. An illustration of the value of 
the method is given by a series of tests which were applied to 
wet process porcelain bushings. Lots of one hundred bushings, 
as they came from the kilns, were tested on 60 cycles, bringing 
the potential up until it sparked over, then holding the potential 
a little below that value for one minute, and out of the one hun¬ 
dred there would be, as there always are, a few defective ones. 
They were then tested out on the high-frequency circuit. Going 
through different types of insulators, and insulators from differ¬ 
ent firings, there was a percentage of from zero to 17 per cent 
additional loss. 

Another group of insulators was then taken, one hundred in 
a group, and tested on the high-frequency circuit first, and the 
defective insulators were removed as fast as they showed up. 
The insulators that were left after this high-frequency test were 
passed through a 60-cycle test; and although many hundreds 
of insulators were treated in that way, there was never a single 
case where an insulator which passed the high-frequency test 
was in any way damaged on the 60-cycle test That, in itself, 
is proof sufficient that the high-frequency test is better than the 
60-cycle test. 

The next question arises—is it a fair test? At the present 
moment I am not going to discuss that, but simply say that the 
test can be made as reasonable or as severe as desired by the 
simple adjustment of the control gap. By opening the control 
gap to its widest value, super-spark potential may, of course, 
be thrown on the insulator and damage may result. For ex¬ 
ample, if the sparking potential of the insulator is 80,000 volts, 
it is easy enough to arrange the gap so as to throw on the insulator 
at the first instant a voltage of 175,000 volts. That value of 
voltage exists on the insulator during only the brief time neces¬ 
sary for the arc to creep around the surface from cap to pin. 
Such a severe test is not to be recommended as a standard test. 
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Testing just at and below the spark potential is both desirable 
and fair to porcelain of good design and material. This seems 
sufficient comment on the severity of test. 

Every line at the present time has insulators on it that are 
old perhaps only a dozen years old, but that is very old in the 
art of making insulators. At that time insulators were made 


very much like dinner plates, and very little attention was 
paid to the subsequent testing. I find that old insulators taken 
frorn a number of different systems are very liable to be in a 
condition that is sometimes designated as porous, due to under¬ 
firing. These insulators, are necessarily weak electrically. The 
problem, then, of the operating engineers is not only how to 
buy good new insulators, but what to do with the old ones. It 
is usually impracticable to take down from the pole line all of 
the insulators and stand the loss which comes from mechanical 
accidents in handling and shipment to a laboratory' to have 
tests made. Therefore, it is necessary for the engineers of a 
transmission company to be able to make tests, and not only 
make them themselves, but if desirable to make them on the 
insulators in place on the line. The oscillator form of testing, 
then, gives the possibility of having universally available a light’ 
cheap and effective means of testing insulators, either new from 
the factory, or old, in service. 

The question of kilowatt capacity for testing has been brought 
U P y Thomas. In the oscillator sets the kilowatt capacity 
ot the 50-cycle transformers is extremely small—1, 2 or 3 kilo¬ 
watts—even a potential transformer has been used, although 
it cannot be used continuously, due to the overload. A very 
small kilowatt capacity in the 60-cycle circuit will sound un¬ 
reasonable to those who contend that it is absolutely necessary 
o have a large generator and a large transformer in order to 
get reasonable results in testing, but that is not true in this case 
for the actual power of this outfit, even with a small trans- 
tormer, is considerably greater than any of the 60-cycle testing 
outfits that are in common use at the present time, without ex¬ 
ception. The difference comes in this, that the energy is taken 
y e condenser at comparatively low power during a quarter- 
cycle of the generator wave. Although this period of time is 
of the order of 0.01 second, it is an extremely long time as com¬ 
pared to the time of discharge of the condenser. When the po¬ 
tential has risen to the maximum point of the 60-cycle wave it 
breaks over the control gap. The full charge of the condenser 

rid ^hf^d °f t at a Tfu Arhicil .? i11 depend upon the capacitance 
and the inductance of the oscillating circuit. As a matter of 

kil C obo1t e A < ff?!f Se f 1S capa : bl ® of ^ving out .several thousand 
kilovoit-amperes ^ for an instant, so there is no question 

about a sufficient kilowatt capacity. 

In conclusion I wish to say one word in regard to one of the 

suggestions presented in the specifications, about uniformity— 

the valuable recommendation is that if a certain percentage 7 of 
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the insulators fail the entire lot should be rejected. This ruling 
can be more efficiently applied if the insulators can be divided 
into lots corresponding to definite zones in a kiln and to definite 
firings. 

Percy H. Thomas: How do you determine the voltage and 
the frequency on the high side of the oscillation transformer? 

E. E. F. Creighton: The frequency is measured either directly 
by cymometer or calculated, and the calculations agree so ac¬ 
curately with the measurements that the easiest method is by 
calculation. The cymometer is an instrument as easy to handle 
as a wattmeter. Once the method of use is learned it is easy to 
handle. In the matter of potential there is some question; 
there is no way today of accurately measuring high-frequency 
potential. The potential as given by the proposed standard 
sphere gap is assumed to be correct. The limitation designated 
by Mr. Peek is to make the length of gap not greater than three 
times the radius. That is the onty basis we have for the direct 
measurement of high-frequency voltage. Practically it is simply 
a matter of what equivalent gap will spoil an insulator. The 
spark potentials at arc-over voltage for 60 cycles and 200,000 
cycles agree closely, in general. 

Percy H. Thomas: There is no question that this method 
Professor Creighton has been telling us about, and which he 
fully described and demonstrated at the December, 1912, meeting 
in New York, is a powerful instrument of research, but I doubt if 
he would consider that it is quite definitely enough established 
to embody in the specification. 

E. E. F. Creighton: This is as definite a test as some which 
have been put in the specification. I refer to the impulse test. 
The impulse test has been made a part of the appendix, and this 
test which I have shown is far better understood and can be 
made less dangerous than the impulse test. 

Percy H. Thomas: That leads to a point I want to bring 
out, as to the relative characteristics of the test Professor Creigh¬ 
ton has described and the impact test called for in the specifica¬ 
tion. The difference is this—the impact test of the specification 
is a shock test, a, feeble shock, applied to the insulator, almost 
exactly paralleling the condition of service brought about by 
lightning and switching. It shows, if properly carried out, no 
element of heating. This test referred to by Professor Creighton, 
is, if I am not mistaken, entirely dominated by the heating effect 
produced by the high-frequency current; what I mean to say is 
this when we have a high potential impressed on any insulator, 
the material of the porcelain is subject to an extreme pressure. 
Every time that test is reversed, a new element of heat is added. 
With the 300,000 cycles, you have 300 times the amount of heat 
generated, due to the expansion of material, that you do in the 
single shock. The net result is not only the heating of the in¬ 
sulator, but the heating of the air in the particular place where 
the interruption of potential is greatest. I do not think you 
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realize how quickly the dielectric strength of porcelain goes 
down as the temperature goes up. I cannot give definite 
figures. Two or three times the boiling point of water is enough 
to make a great difference in the insulation resistance of porce¬ 
lain. It is the extent and degree of the heating of the dielectric 
material at that high frequency which is, it seems to me, the thing 
we must know more' about before we can use this test. In 
actual service we do not get that condition—we get two or three 
impacts, but never sustained high frequency. It is putting a 
great premium on efficiency in a thing which, while it may be 
indirectly related to the serviceability of the insulator, is not 
necessarily related to it. 

E. E. F. Creighton: I feel that this criticism is unjust, be¬ 
cause it cannot be shown where the heating comes in. We 
can take an insulator of this kind and place it under the oscilla¬ 
tion test for a whole minute, and all the time the spark discharges 
are streaming over the porcelain surface. It looks hot while 
the sparks are playing, but no appreciable rise in temperature 
is noticed after such a test by placing the hand on the surface. 
There is no doubt that a continuous strain applied at one point 
will heat the insulator. If one of these insulators is subjected 
to the continued voltage of an Alexanderson generator it is pos¬ 
sible to make it red hot, but the application of the oscillator is 
different. There is a relatively long interval of rest between suc¬ 
cessive applications of high-frequency trains. The high poten¬ 
tial is applied for a very small fraction of the total time. Judging 
from the many hundreds of tests we have made, I feel that the 
heating of the insulator, except in air spots where it is weak and 
where it ought to be heated, is entirely' a negligible quantity. 

Edward Bennett: I want to endorse most heartily what 
Mr. Creighton has said about the desirability of using impulse 
test circuits having such constants that fairly definite ideas can 
be formed of the rate at which the voltage across the insulator 
rises, and. of the frequency of the applied stress across the insula- 
tor, provided the insulator under test does not flash over during 
the first half-cycle of the high-frequency oscillation. 

The objection to the type of impulse circuit shown in Fig. 1 
of the specification is that from the dimensions of such a circuit 
one can not determine very accurately the rate at which the 
potential rises^ across the insulator. This uncertainty arises from 
the fact that in the circuit shown in Fig. 1 in the specification,* 
even when used with fixed inductance, capacity and setting of 
the gap A , the rate at which the voltage rises across the insulator 
will depend upon the variable capacity of the different types of 
insulators under test. Suppose, however, that the type of cir¬ 
cuit which Mr. Creighton has suggested is slightly modified by 
connecting across the secondary of the oscillation transformer, 
and in parallel with the insulator under test, a condenser having 
a capacity five or six times that of the insulator, as shown in 
Fig. 2 herewith. From the setting of the ga p and the dimensions 

*This diagram is not included in the revised specification. 
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of such a circuit, one may compute with a satisfactory degree 
of accuracy the manner in which the potential will rise across 
the insulator up to the instant at which breakdown or flash-over 
occurs. 

A slight modification of the simple series circuit of Fig. 1 
of the specification would eliminate the uncertainty due to the 
variable and unknown capacity of the different types of in¬ 
sulators under test, and would seem to render this circuit more 
satisfactory than the oscillation transformer connections advo¬ 
cated by. Mr. Creighton. The modification of Fig. 1 of the 
specification is shown in Fig. 2. It consists in connecting the 
insulator under test in parallel with another plate condenser 
having a capacity, about five times that of the insulator. The 
capacity of the 12 in. by 12 in. triple-petticoat insulators used on 
40-kv. lines is about 2 X 10“ u farad from line wire to pin, and 
the capacity of a 10-in. single-piece suspension unit is about 
3 X 10 -11 farad from metal to metal. That is, the combined 
capacity of the condenser B and the insulator ought to be about 
10 10 farad or approximately the same as the condenser C. 




If the coil L and the leads consist of about 30 ft. (900 cm.) of 
heavy copper, the inductance of the oscillatory circuit may 
be estimated at 0.01 millihenry. Such a circuit up to the instant 
of failure of the insulator will have a frequency of oscillation of 
approximately 7,000,000 cycles per second and the relation 
between the condenser voltages and time up to the instant of 
insulator breakdown will be as illustrated in Fig. 3. It is to be 
noted that the insulator, if it does not flash over during the 
first half-cycle, will be subject to a unidirectional pulsating voltage 
and not to an alternating voltage. 

E.. M. Hewlett i I would like to hear some discussion on the 
subject of the absorption test. Could not something in the 
nature of a year's guarantee be required? I have found insula- 
tors to fail from imperfect vitrification, which had passed all 
the different kinds of tests. Some of them fail in the course of 
a year, or six months, even, showing they have not been thor¬ 
oughly vitrified, and still, to begin with, they will stand all the 
different tests. Until there is a test which will show definitely 
whether an insulator has been throughly vitrified, it would seem 
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as though the iiisulator should come under the same kind of 
guarantee as a piece of machinery, as they are very often used 
m connection with the switching devices, to support busbars, 
etc., and should be considered as machines in that case. 

. Farley Osgood: In our somewhat extended system of mul¬ 
tiple operation of transmission lines, fed by large-capacity gen¬ 
erating stations operating in parallel, we learned from our 
charted data on service interruptions that the chief initial cause 
was the insulator. All testing at normal pressure (13,000 volts) 
brought us no real knowledge of our difficulty, so testing appara¬ 
tus for more than three times normal voltage (40,000 volts) 
with 1000-kw. capacity was installed. Tests with this taught 
us no more than we could learn with line voltage testing, so we 
had made a testing outfit which, by means of a Tesla coil and 
condensers, gave us.a frequency approximating 250,000 cycles. 

, e brought in from our lines samples of all types of insulators 
m service, fifteen types in all, several of which were designed for 
operating at three times the voltage on which they were being 
used, and all but two types failed under our test, meaning that 
the insulator would puncture before it would arc over, and the 
two types which showed reasonable results were not the insula¬ 
tors designed for higher voltage than the service in which they 
were placed. . 

Our high-voltage, large-capacity transformer would not de¬ 
velop this information, and only with the high-frequency testing 
outfit could we get the results which taught us that our insulators 
were wrong in design, in spite of the fact that they were the types 
specified by the manufacturers for the service, and met all the 
manufacturer’s test guarantees. 

The result of our work has been a new standard insulator for 
our 13,000-volt service which is about the same size as our orig¬ 
inal insulator but has thicker petticoats and which will spill 
over before it will puncture. 

An analysis of our difficulties showed that unquestionably 
our troubles were caused by the effect of switching, which takes' 
place frequently in a large system with big stations in parallel, 
and which effects were from high frequencies, and therefore we 
feel that the high-frequency test is the most useful one of all. 
It is the test which tells the operating man what he wants to 
know, and should be made in addition to any other tests that a 
manufacturer thinks necessary to establish the mec hani cal 
perfection of his product, as the high-frequency test is really one 
•on the design of the insulator, rather than its structure. 

We now give every insulator a high-frequency test before it 
is placed in service, and a recent test of 13,127 pin’type insulators 
showed a failure of 1.75 per cent, and of 2260 disk type 3.94 per 
cent of failure. While at first this may seem high, it is not really 
so, as the actual value of the insulators destroyed is small, and 
well worth while for the insurance of continuity of service! 

The test is not expensive, is safe, and a crew of four men from 
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the line department, with one laboratory man to handle the test 
set and keep the records, can unpack, test, and repack 1200 
insulators in an eight-hour day. 

The high-frequency test, using the Tesla coils, we believe 
presents the following advantages: 

1 • 4 An even distribution of corona over the entire surface of 
the insulator, searching out imperfections. 

2. Failures under test are absolutely definite, being readily 
recognized by 

(a) cessation of corona, 

(b) abrupt change of tone of spark due to shortened path, 

(c) steady discharge through point of failure. 

3. The test does not require skilled labor, but can be con¬ 
ducted by anyone, after a little training, if his sight and hearing 
are normal. 

We believe we have at last an equipment’which can be made 
portable for use in the field in testing individual insulators in 
service without removing them from the line, the transmission 
voltage, of course, being removed, and we advise’ operating 
engineers to learn of the benefits to the service to be derived 
from such testing, by themselves, in addition to any test, or any 
guarantee, of any manufacturer, no matter what the type or 
line voltage of the insulator. 

C. Lindsay: I want to take exception to what Mr. Thomas 
said about the impulse test being usually sufficient for insulators 
tested with high frequency. That test is not sufficient on delta- 
connected lines having no ground. Two disturbances occurred 
within the past year on the system with which I am connected, 
where arcing grounds lasted for two or three minutes, and 
several insulators were punctured each time. I should think 
it would be well to retain the high-frequency test so that insula¬ 
tors will meet these conditions. 

Percy H. Thomas: They might get some sustained effect 

from the arcing ground—I do not know just how that would 
work out. 

. J°^ n B- Fisken: It occurred to me that I might give some 
information bearing on the subject of the rain test. I had oc¬ 
casion once to demonstrate that there was no danger to a 
person holding the nozzle of a fire hose, the stream from which 
was striking a line operating at 60,000 volts. While I was 
demonstrating that, I went a little further and tried to break 
soine Ik- e insulators by spraying the stream on them. 

I hit every part of the insulators X could reach with that stream, 
an T j^ere was not the slightest sign of any breakdown. That 
satisfied me that a rain test was entirely unnecessary. 

F. W. Peek, Jr.: Considerable has been said about “ high 
frequency testing and the effects of u high frequency on 
insulators and insulation. Under this term are included without 
discrimination, continuous high frequency as from a generator, 
trains of oscillations from a Tesla coil, single impulses of exceed- 
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ingly steep wave front as from lightning, etc. The effects of 
these are entirely different. As the results of tests are all at¬ 
tributed to the same cause, “ high frequency/ 5 there is naturally 
much confusion. 

As an illustration, take an ordinary single suspension insulator 
unit with an arc-over voltage of 90 kv. and a puncture voltage 
of 120 kv. (under oil) at 60 cycles. If a continuous high fre¬ 
quency at 10 kv. and 100,000 cycles is applied from an alternator, 
the insulator will soon become hot because of dielectric loss, 
and crack. The destruction of this insulator is due purely to 
heating. If trains of high-frequency oscillations at the rate of 
about 100 trains per second are applied, arcs will play over the 
surface of the insulator if the voltage is sufficiently high. To 
cause the unit just to arc over, a voltage somewhere between 
90 and 130 kv. (higher than 60-cycle arc-over) will be required. 
A sufficiently long application will cause the insulator to break 
down. An oscillatory voltage of say 200 kv. may be applied. 
The discharge over the surface will be heavier. Breakdown 
will occur in a very short time, due to over-voltage. This 
voltage is higher than the 60-cycle puncture voltage. Although 
this unit arcs over, it takes a finite but very small time for the 
air to break down and the arc to occur as each wave train starts. 
The time is too small for the porcelain to break down on one wave 
train. It is injured, however, and the effect is accumulative. 
A sufficient number of trains causes breakdown. If an impulse 
of very steep wave front, of say 500 kv., is applied, arc-over 
occurs along the surface. Perhaps ten such impulses may be 
applied without apparent damage. At the eleventh impulse 
breakdown occurs. Each impulse has caused damage during 
this very short time that it takes the arc to occur. A needle 
gap set at 150 kv. across the insulation to “ limit 55 the voltage 
will not prevent ultimate breakdown. The various and ap¬ 
parently inconsistent effects due to “ high frequency 55 are thus 
not altogether mysterious. 

Such tests are extremely valuable as design tests, uniformity 
tests, etc., but great caution is necessary and a thorough under¬ 
standing of what sort of “ high frequency 55 it is, when these 
tests are applied to insulators that are later to be used on lines, 
as the first lightning stroke may be in effect the ninth or even 
the eleventh impulse noted above. 

Many failures undoubtedly do occur, due to “high frequency, 55 
but there is at present too much of a tendency to use this ex¬ 
planation when the real cause is quite simple, perhaps only a 
mechanical one. A great many insulator failures, perhaps most 
of them, are fundamentally caused by mechanical cracking 
gradually taking place, due to poor mechanical design, internal 
strains, etc., or absorbed moisture. Naturally, failure occurs on 
these weakened units during a voltage rise, as by lightning im¬ 
pulse. Of course there are also some failures due to the ac¬ 
cumulated effects of over-voltage impulses on good units. 
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I believe that most moderate-voltage lines, 20 to 60 kv., are 
under-insulated. These lines extend out into open country and 
are subjected to the same lightning voltages as the very high 
voltage lines. The insulators have the same factor of safety as 
the high-voltage lines, but in terms of operating voltage. This 
naturally is without meaning, as, assuming good insulators at 
the start, destruction is not caused by line voltage but by light¬ 
ning. I have illustrated this further with a definite example in 
a discussion at the Pittsfield meeting, May 29, 1914. 

Farley Osgood: We believe that an insulator should spill 
over before it punctures, giving the line the accompanying 
relief from the strains of switching changes which are constantly 
taking place; and an insulator of this type will act as an arrester 
on the line, as it were. The operating man wants his system 
to come back intact after severe strains, and much prefers the 
chance of a momentary interruption of service to the almost 
certain discomfort of the shake-up resulting from complete 
insulator failures. 

Therefore, in this belief we feel that the high-frequency test 
is the only one which will assure the operating man that the 
insulator will perform as desired in this relation of spill-over to 
puncture. 

We have proved that much can be learned from this test, that 
field work with such a testing outfit will anticipate many failures, 
and we have proved that it is cheap, and that it is safe. 

In spite of all the theories to the contrary, such as we have 
just heard, I feel that the operating man has at last come into 
his own, in the matter of finding out some things about his in¬ 
sulators for himself, and doing it right at home, and I hope that 
the practicability of the results of these simple and easily made 
tests will be appreciated. 

William B. Jackson: I want to ask a question relating to 
this matter, and that is, where the matter now stands, according 
to the researches and studies of the committee, in developing 
some suitable method of obtaining the capacity of the insulator, 
in the matter of mechanical shock, which has always seemed 
to be a rather important factor, although it has not been given 
very much consideration in tests. 

Another question, which I presume has been studied by the 
committee, is whether there is any way by which the atmos¬ 
pheric effects may be accelerated in the passage of time upon the 
insulators. Guaranteeing an insulator for a year would be 
very small satisfaction, since insulators will run perfectly for 
two, three or as much as five years, and then break down. 

Percy H. Thomas: The power of an insulator to hold a sus¬ 
tained load is now covered by a test in the specification, but 
I do not know any one who has proposed a test such as you 
indicate, and I do not know of any test that could be quantita¬ 
tively expressed, so that an insulator would pass at 105 per cent 
and would not at 95 per cent. I do not know of any way by 
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which we could approximate the effect of the weather I 
wish we knew more of the effect of alkali dust, salt spray 
and condensation m connection with the rapid changes of tem¬ 
perature^ These things are important, but we do not know the 
m which t0 produce such conditions beforehand. 
t am Jackson: They would be fruitful fields of study, 
n e case of cement, for instance, we have an impact test; in the 
case of concrete 'and cement, we have an acceleration test which 
is very valuable in the case of a building under construction. 

It seems that a study of that particular phase of insulators may 
bring good results. J 

, T Thomas: The effect of electrical impact can be 

tested, but, mechanically, it is difficult to tell how the insulator 
will be affected. 




Presented at the 31s/ Annual Convention of 
the American Institute of Electrical Engineers, 
Detroit, Mich., June 25, 1914, under the aus¬ 
pices of the Committee on Prime Movers. 


Copyright 1914. By A.I.E.E. 


PRESENT STATUS OF PRIME MOVERS 


BY H. G. STOTT, R. J. S. PIGOTT AND W. S. GORSUCH 


Abstract of Paper 

The paper brings out in a concise form the present status 
of heat engines and hydraulic turbines in commercial use today 
for the conversion of the energy found in fuel and water into 
mechanical power for the production of electric energy. 

The various types are compared as to relative importance, 
capacity, efficiency, weight, cost and economy, which are illus¬ 
trated by curves plotted on kilowatt basis. 

(a) Reciprocating Steam Engine. 

(b) Steam Turbine 

(c) Gas Engine 

(d) Oil Engine 

(e) Hydraulic Turbine 

(f) Finance and Economics 

. Curves are plotted showing the investment and fuel costs of the 
different heat engine units, on the basis of percentage of normal 
full load rating of machines. 


T HE Committee on Prime Movers has selected the following 
subdivisions of its subject, in order to cover the most im¬ 
portant recent developments in the field of prime movers: 

1. Reciprocating steam engine 

2. Steam turbine 

3. Gas engine 

4. Oil engine 

5. Hydraulic turbine 

6. Finance and economics. 

In order to show the present status of the art in a graphic man¬ 
ner, practically all of the data obtained have been plotted in 
curves which appear in the appropriate place in the text. 

Reciprocating Engine 

The reciprocating steam engine has, during the past five years, 
become practically obsolete for use in modern power stations. 
In the large new central station this engine is not even considered; 
but in small isolated stations it is still used to a considerable 
extent, especially where heating service is also handled. In 
small sizes, the engine still has some advantage in economy 
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over the small turbine, but the margin is getting continually 
smaller; some of the latest geared units being almost on equal 
terms. The non-condensing and bleeder turbines have offered 
a satisfactory substitute for the engine on heating service: the 
continuance of the engine in use is therefore chiefly due to the 
apparent inability of purchasers for isolated plants to realize 
that economy of steam is only one of the items constituting cost 
of power. The superior reliability, low maintenance, sustained 
original economy, and low attendance cost of the turbine 
generally overbalance the rather doubtful advantage in original 
economy of the small reciprocating engine. 

Steam Turbine 

The steam turbine is now at the head, of the list of prime 

movers. The items of comparison with other prime movers are: 

(a) Capacity 

(b) Efficiency 

(c) Weight 

(d) Price. 

Capacity and Efficiency. Usually the figure quoted as the 
measure of efficiency is the water rate or steam consumption 
per kilowatt-hour. Hardly any measure can be selected which 
is less satisfactory, since, unless the steam and vacuum conditions 
are stated, the water rate means nothing. Two turbines of 
exactly equal merits may be quoted as having very different water 
rates if one is operated on superheated steam with high vacuum, 
and the other wet steam and lower vacuum. To fix the merits 
of the design, a knowledge of the efficiency ratio ( Rankin e cycle) 

is necessary; and to fix the thermal efficiency, a knowledge of the 

steam conditions is needed—in other words, the heat drop avail¬ 
able. 

The water rate of a perfect Rankine-cycle engine is given as 
3415 divided by the available adiabatic heat drop between initial 
and final conditions of the steam. Table I gives a few values 
for the commoner conditions in use. The efficiency ratio is 
equal to the Rankine-cycle water rate divided by the actu a l 
water rate of the turbine. The thermal efficiency and the 
water rate are both dependent upon the steam conditions, 
and can never be correctly compared except upon the same basis 
of pressure, superheat and vacuum. 

The efficiency ratio is a measure of the goodness of the design, 
influenced somewhat by steam and vacuum conditions. The 
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efficiency ratios of modern turbines differ much less from each 
other than the variation of water rates would lead one to suppose. 

The efficiency ratio increases (a) with size, (b) with superheat, 

(c) with reduction of vacuum down to about 26 in. (66 cm.), 

(d) with reduction of pressure. Speed also affects efficiency 
ratio, either to increase or decrease it, depending upon the design 
and conditions. Thermal efficiency increases (e) with pressure, 
(f) with superheat, (g) with vacuum. It is evident that some 
of these conditions at least are incompatible with each other, 
and that the turbine having the best water rate may not have 
the highest efficiency ratio. 

Fig. 1 shows water rates which may be obtained for various 
sizes of machines. For the standard conditions of 175 lb. 
(79.3 kg.) gage, 100 deg. superheat, 28J in. (72.4 cm.) vacuum, 
the average value is that which will ordinarily be obtained for 
standard designs; but better or poorer rates may be obtained 
under special conditions, either of design for high efficiency, 
which increases cost, or of cheap construction, which usually 
means poor water rate. 

Fig. 2 shows the Rankine-cycle efficiency ratios under the same 
conditions. For the same sizes of machine, 25-cycle generators 
will have the same water rate and efficiency ratios, as the varia¬ 
tion in speed can be readily cared for without sacrifice of effi¬ 
ciency. The corrections for other steam and vacuum conditions 
must be applied to' get the proper water rates,—these differing 
somewhat for different types. The usual superheat correction 
is one per cent improvement in water rate for each 10 deg. 
superheat between saturation and 100 deg.; one per cent for 
each 12| deg. superheat between 100 and 200 deg. superheat. 
The vacuum correction varies considerably with different ma¬ 
chines, and amounts to about 5 per cent improvement between 
27 and 28 in. (68.5 and 71 cm.); 6 per cent between 28 and 29 
in. (71 and 73.9 cm.) A better method is to use the total heat 
drop available in each case as a ratio applied to the water rate. 
An important feature influencing cost is the matching of genera¬ 
tor and turbine. In many cases the turbine has its best water 
rate at the maximum 24-hour rating of the generator. For 
many purposes this is undesirable. The best water rate should 
occur at from 75 to 85 per cent of the maximum 24-hour rating 
of the generator; in other words, the turbine should be smaller 
than the generator. 

The overload devices (extra nozzles in the‘case of impulse 
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turbines and by-passing in the reaction turbines) can be readilv 
designed to take care of the loads up to 50 per cent in excess of 
the best water rate load in the turbine. The best water rate 



reached by the turbine occurs just before these overload de¬ 
vices operate; and it is for the steam flow at these loads that the 
turbine proportions are designed. When the effect of auxi- 
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liary steam consumption on the steam demand of the engine 
room is considered, it is evident that the, under-sizing of the tur¬ 
bine to a small degree is desirable. 

Weight. The weight increases with the increase of vacuum, 
decrease of speed, decrease of initial pressure, and increase of 
efficiency ratio. The increase of vacuum obviously affects the 
weight by increasing the size of the exhaust end and the blading. 
Decrease of speed increases the weight, as it enlarges the di¬ 
mensions in every direction for a given capacity, and some¬ 
times increases the number of stages for a given efficiency. 
Increase of efficiency ratio usually implies sharper blade angles, 
more stages, and larger blading, which obviously increases the 
weight. Fig. 3 gives the total weight and weight per kilowatt 
under the standard conditions previously stated. 

Cost. The turbine design is usually a compromise between 
cost of manufacture and efficiency. . The cost is influenced by 
steam conditions, speed, and by type, to some extent. Increased 
thermal efficiency means increased cost, as it means increased 
blade dimensions, stages, and exhaust openings for higher 

vacuum, and in some cases altered construction to suit higher 
superheats. 

Fig. 4 is cost per kilowatt and total cost for machines built 
to the standard conditions previously given, delivered and 
erected within 600 miles of factory. 25-cycle machines will 
cost from 15 per cent more, in smaller sizes, to 10 per cent 
more in the larger sizes. Cost per lb. (Fig. 5) remains about 
constant for any given capacity, so that this increase in cost 
for 25-cycle machines is readily explained, as the reduction in 
speed from 1800 to 1500 and from 3600 to 3000 revolutions 
raises the weight approximately in inverse proportion to the 
decrease in speed. 

The three items which influence the purchasing of a turbine 
are price, water rate and time of delivery. The time of de¬ 
livery cannot be much reduced beyond a certain point. There 
is, therefore, a very strong tendency to cut the price or the water 
rate in order to get the business where competition is very keen. 
As only about one turbine in every 50 sold is ever tested, the 
opportunity to manipulate the water rate of the turbine down- 
wa rd has often proved a stumbling block to good engLeZg. 

e Cos ^ manu pcture any of the standard makes is not very 
different. The prices ordinarily will therefore be about the 
same. The tendency to cut the water rate below what can 
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actually be obtained can therefore only be checked by the 
engineer’s watchfulness. Comparison with the Rankine effi¬ 
ciency. ratio for any size machine is one of the safest means of 
detecting spurious water rates, 
since they will give impossible 


efficiency ratios. 

Gas Engines 

The fuel supply for the various 
classes of this type of prime 
mover is obtained either by the 
conversion of coal, coke, lignite, 
peat, wood, oil or other kindred 
fuels into a gaseous product in 
a producer; or from natural re¬ 
sources, or the recovery of waste 
or by-product gases from blast 
furnaces and coke ovens. The 
utilization of natural gas and 
blast furnace gas has enabled a 
wide application of the gas en¬ 
gine, amounting to over 75 per 
cent of the total gas power 
machinery installed in the 
United States, the natural gas 
being in the lead as to aggregate 
capacity. 

The development of large gas 
engines is largely due to the 
ideal conditions existing in steel 
industries, where large quanti¬ 
ties of blast furnace gas are 
available, requiring only clean¬ 
ing to make a perfect fuel for 
this type of prime mover. Blast¬ 
furnace-gas power plants have 
been especially striking owing 
to the. magnitude of the engine, 
which has now reached a capac¬ 
ity of 6000 brake horse 
tandem type. 



power for a single unit of the twin 


The main improvements in gas engines have been in the re 
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inforcement of cylinder castings, simplicity of the cylinder, 
piston and rod construction, more efficient packing, adoption 
of the throttling governors, etc. 

The rapid introduction of the gas-producer in the manufac¬ 
ture of gas from cheap grades of coal has given special impetus 
to the producer gas engine. Many of the low grades of fuel 
which are not fit for use under the ste'am boiler have been used 
with reasonable success in the producer. 

There is now a growing demand for gas engines to operate 
with coke oven gas, and probably interesting developments 
may be expected along this line within the next few years. 

With the universal tendency toward high-speed rotative 
machinery, engineers engaged in the development of internal 
combustion engines have recently shown renewed activity in 
substituting rotary for reciprocating motion. While much valu¬ 
able information has been obtained, yet the practical difficulties 
have not been surmounted and the gas turbine has not reached 
a commercial stage. However, if the gas turbine does come, 
it will probably revolutionize power production in large steel 
centers and wherever natural fuel oils abound in this country. 

Capacity. There are two general types of gas engines known 
as the two-cycle and four-cycle, or two-stroke and four-stroke, 
built with single- or double-acting cylinders, either vertical or 
horizontal, the usual form in sizes above 200 brake horse power 
consisting of two double-acting cylinders set tandem. By 
combining two such units we have the twin tandem type that 
is built in sizes as large as 6000 brake horse power. The four¬ 
cycle engine is the type that is almost always used in units of 
any appreciable size, and especially the double-acting four¬ 
cycle type with two cylinders arranged in tandem, which was 
brought to a commercial state about eleven years ago. 

Steam turbine and engine ratings are usually such that they 
are worked under their most economical load at the rating of 
the electrical generator. With gas engines, on the other hand, 
the efficiency increases with the load beyond the capacity of 
the engine (see efficiency curve, Fig. 6), and for this reason the 
rating of the engine is generally made as nearly as possible to 
its maximum capacity, allowing from 10 to 20 per cent for over¬ 
load. 

The gas engine does not possess inherent capacity for over¬ 
loads in the same sense in which the steam turbine and engine 
do, hence whatever overload it has, is allowed by the manu- 



1144 


STOTT, PIGOTT AND GORSUCH: 


[June 25 

rtdS'w C t Padty 0f “ Bss is evidently 

reached when the cylinder has taken a full charge of mixture 
of the highest heat value and density, that is, containtag the 
maximum Bd.u.'s (large calories) per c„. ft, (0.028™ », 

This being the case, it is evident that gas engines must accom¬ 
modate themselves to variations in the quality of the gas As' 

re“5ne r of 6 5ot° n ' ° “ p6r overload is sufflcienh 
be rated at 500 wToweT m “ m “ ra ™ dd th “ 

m»?L g “ bei ‘' 8 f “ rIy limited “ to th = power which 

may be produced m a single unit, there has developed on the 

While°h- S ^ me “ anafacturers a disposition to increase speeds 
™ l * b f V** have be ^ used in steam turbine and enrine 
P ,f Se ’ Jt Sh0uld not be taken as a criterion in gas engine work ’ 

Ss endne V Lr S h eS “ the reci P roca ting parts of the 

highermalraLe^r ^ be 

otW heafenrinT ? the + characteristic s of‘the gas engine which 

remains fairlv f P ° SSeSS iS that the thermal efficiency 

mams fairly uniform over all ranges of sizes. * 

rate'ofheatT repreS “ tative curves of thermal efficiency and 
perceives of ^ enerated > f* different 

ducer and nft T fulld ° ad of lar S e four-cycle pro¬ 

auxiliaries. Ura " gaS 6ngmeS ’ no ffiffiwance being made for 

th e M iTir S v 'u been giV6n ° f the thermal efficiency of 
cSve ahn f Vary materiall y- b ffi we believe that the 
STe gas en Jn s gi ^ 0 conditi <^ generally met with in 

horse power or 2- S 7 ’ Per Cent ° n the basis of brake 
generated In T the basis of kilowatt-hours 

envineq h* u 1 1 f ratlng ‘ All curves of the gas and oil 

so as f ^ n r6ferred t0 the basis of kilowatt-hours gen- 
Thf’mn f t comparable with the steam turbine and enjne 
The range of fuel consumption as guaranteed by American 

anufacturers for their engines at full load rating with differ 
ent fuels varies from 9500 to 13 ^nn p + ? , amer 

(2394 to 3402 W cZLl 500 B.t.u. per brake hp-hr. 

15 000 fit,, § e calories) for producer gas, and 8500 to 

, 0 B.t.u. per brake hp-hr. (2142 to 3780 large calories) for 
natural gas, or reducing to basis of kw-hr 13 500 to 1Q 20f) 
B.t.u. per kw-hr ("3402 to 4 sqq i • to 19 > 2 00 

and 17 2nn + 01 . nr , 838 large calories) for producer gas, 

. > 0 to 21,400 B.t.u. per kw-hr. (3074 to 5393 large 
calories) for natural gas. Blast furnace gas runs in the neigh- 
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borhood of 10,500 B.t.u. per brake hp-hr. (2648 large calories), 
or 15,000 B.t.u. per kw-hr. (3780 large calories) generated. 

Weight. The operation of the gas engine involves high tem¬ 
peratures and pressures suddenly applied to the working parts, 
consequently this class of prime mover is inherently massive. 



The range in weights of the various sizes of horizontal type 
producer-gas and natural-gas, four-cycle single- and double¬ 
acting tandem and twin-tandem gas engines, as manufactured 

by the largest gas engine companies in this country, is shown 
in Pig. 7. 
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These curves are drawn to include all capacities from 200 to 
2000 kw., and show that there is a variation of 20 per cent from 
the average weight. Considering the curve of average weight 
per kilowatt, one thing is basic, namefy, that the big unit weighs 
more per kilowatt than the small unit. The reason is that as 
you go up in size and lengthen out the stroke the weight runs 
up per unit capacity. The weight is governed by many con¬ 
siderations, such as rotative speed, the mean effective pressure 
on which the builder figures his rating, the nearest size the 
builder has to fit a given generator, the question of single or 
double crank, etc. 

Cost. On account of the heavy parts made necessary by high 
temperatures and pressures, the gas engine is considerably 
more expensive to build than steam turbines or steam engines. 

In some types of gas engines there is not very much difference 
between the cost per unit capacity in large and small sizes, 
whereas with other companies it varies considerably. 

Fig. 8 shows the limits of total cost, average cost per kilowatt 
capacity, and average cost per pound, of the type and size of 
engine and generator as described in Fig. 7. The price is for 
engine and generator complete and installed, exclusive of founda¬ 
tions, within 600 miles of factory. It will be seen that the price 
varies 18 per cent from the average for the different types. 

The cost of the gas engine is influenced by the same con¬ 
ditions that govern the weight, as explained above. The dif¬ 
ferent combinations of stroke and synchronous speed result 
in varying piston speeds, and for a given power the price will 

higher the lower the speed. Many attempts have been 
made to lower the cost of the gas engine by decreasing its weight 
without impairing its reliability, and to increase its capacity 
by increasing the pressure of the charge and simultaneous scav¬ 
enging of the exhaust gases, but all without definite results. 

Oil Engines 

Oil engines have progressed rather slowly in this country, 
while in Europe the development has been more marked, espec¬ 
ially since the expiration of the basic Diesel patents in 1912. 

The Diesel engine is essentially a vertical type, but the last 
two years have witnessed a remarkable development of. the hor¬ 
izontal type. While tests show that the fuel consumption is 
slightly higher than with the vertical type, nevertheless on 
account of the greater simplicity and better accessibility and 
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lower cost, many manufacturers have launched out to build 
them. 

There are approximately 300 installations of medium- and 
heavy-duty oil engines, aggregating over 75,000 h.p., in operation 
in the United States. 

On account of the very high cost of natural oils in countries 
that do not have an oil production of their own, the use of tar 
oil with a small addition of ignition oil in the Diesel engine is 
rapidly finding favor. Some oil engines operate satisfactorily 
on any fuel and especially the crude oils produced in this coun¬ 
try, while others are limited to certain qualities. The recog¬ 
nition that coal is too valuable a fuel to be wasted in our present- 
day furnaces, is spreading, and much interest is being taken 
in the by-product coke oven and by-product gas producer 
plants, in hope that the production of tar oil, an artificial pro¬ 
duct, will aid to check the advance in price of natural liquid 
fuels. In this country the condition is different on account of 
the supply of rich natural oils, such as the light grades of crude 
oil produced in the eastern fields, as well as the heaviest grades 
produced by the California, Texas, Oklahoma and Mexican 
fields, which are largely asphalt base. 

Capacity. Similar to the gas engine, the oil engine does not 
possess an inherent overload capacity in the same sense that the 
steam turbine does, hence, whatever overload is required must 
be provided by the manufacturer. 

The oil engine is restricted in size for the same reasons given 
in the case of gas engines. The largest Diesel engine operating 
in this country is a 450 brake horse power double-unit vertical 
four-cycle three-cylinder type, whereas in Europe they have 
been built as large as 2500 brake horse power. There has 
recently been built in Germany a 2000 brake horse power hor¬ 
izontal double-acting, four-cycle, twin-tandem Diesel engine 
operating with tar oil, which promises interesting results. 

Efficiency. The thermal efficiency of the ail engine varies 
slightly with the capacity. Unlike the gas engine, the thermal 
efficiency does not increase with the load beyond the capacity 
of the engine. 

Figures of efficiency have been given at different times that 
cannot be substantiated. With oil having 19,000 B.t.u.’s (4788 
large calories) per lb. (0.4534 kg.), the thermal efficiency and fuel 
consumption that may be expected at different percentages of 
normal full load rating, no allowance being made for auxil¬ 
iaries, are shown in Fig. 9. 
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At full load the fuel consumption is 0.64 lb. (0.29 kg.) per 
kw-hr. or 0.45 lb. (0.204 kg.) per brake horse power, and the 
thermal efficiency 28.2 per cent per kw-hr., or 29.8 per cent per 
brake horse power. 



The fuel consumption of the best oil engines to-day, made in 
large sizes, varies from 0.40 to 0.50 lb. per brake horse power, 
the highest fuel economy being obtained by the four-cycle type. 

Weight. The Diesel engine is inherently massive for the 
same reason as the gas engine, namely, high temperatures and 
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pressures, consequently the weight, including engine and gen¬ 
erator, per kilowatt capacity, increases with the size, as shown 

in Fig. 10. 

It will be seen that the increase in weight from 40 to 160 kw. 
capacity is very rapid, while with sizes larger than 160 kw. it 
is not so pronounced. 



High-compression Diesel-cycle crude-oil engines of the two- 
and four-cycle, single- and twin-cylinder, horizontal type, us¬ 
ing a heavy grade of crude oil, are now being manufactured in 
America as large as 500 h.p. capacity, some companies standing 
ready to construct units of 800 h. p. capacity if required. Fig. 12 
shows the average total weight and weight per kilowatt ca¬ 
pacity for these machines. 
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Cost. There have been so few oil engines driving generators 
of any appreciable size installed in this country that it is a dif¬ 
ficult matter to tabulate any costs for comparative purposes 
with other prime movers. The most reliable figures available 
for the Diesel engine average approximately $95 per kilowatt 
installed, including engine and generator complete, but not the 
foundations, within 600 miles of factory. Fig. 11 gives the 



average total cost per kilowatt for all sizes at $95 per kw., also 

the cost per pound, which decreases but slightly for machines 
above 160 kw. capacity. 

Important improvements in the construction of the vertical 
type Diesel engine are being made in this country, as well as in 

Europe, which will probably reduce the weight and conse¬ 
quently the unit cost. 
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The average total cost, average cost per kilowatt and average 
cost per pound of two- and four-cycle, horizontal, crude-oil 
engines, American manufacture, including engine and generator, 



are shown in Fig. 13, corresponding to the weights given in 
Fig. 12. 

There is considerable variation in the weights and costs of 
the horizontal type oil engines of the different manufacturers, 
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and for this reason the average curve is given instead of the 
maximum and minimum. The weights and costs are fairly 
consistent for the single cylinders of all sizes, the greatest dif- 
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ference being with the twin- and four-cylinder types. These 

curves hold fairly well for the so-called semi-Diesel horizontal 

tvoe. 
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Hydraulic Turbines 

development of hydroelectric power installations has 
1 new demands on the designers and manufacturers of 
die turbines for betterments in efficiency, power, speed, 
:h and size of turbine runners. 

arly hydraulic installations, efficiency was frequently of 
importance, but as the demands for power increased, and 
pacity of sources of water supply became, overtaxed, high 
Ley became of importance. 

lie case of modern hydroelectric developments, there are 
urces of supply so great that the efficiency of the installed 
nery is not of the highest importance. The demand on 
e designers and manufacturers for increased efficiency 
jen met by better design, better construction, and better 
and as a result, the efficiency of turbines has been so in- 
d that in the case of at least four different manufacturers, 
:icies of 90 per cent or over have recently been obtained 
hydraulic testing flume at Holyoke under the best condi- 
of gate, speed and head; and high efficiencies can now be 
ained through considerable variations both of head and 
*, as will be seen by reference to Fig. 14. 

;ent tests at Holyoke on a high specific speed 28-in. (71-cm.) 
al Francis type turbine, the results of which are shown 
p 15, represent the best that is being accomplished at the 
Tt time. 

will be seen that the efficiency remains fairly constant 
gh a considerable variation in power. The efficiency at 
t cent gate opening is 91.5 per cent and at full gate it 
>ed to 84 per cent. 

- direct connection to comparatively high-speed electrical 
Lnery, both capacity and speed, together with high effi- 
Y, are common demands. A comparison of the power 
dty of various types of wheels can best be made on the basis 
3 power of the unit wheels of the various types under the 
uead. This unit power is represented by the equation 

P 

& " £>2#V2 

the unit power of the unit wheel of the type considered 
r unit head, 

ls the power (h.p.) of any wheel under the head h , 
is the diameter in inches of the wheel considered, 
s the head in feet under which the power (P) is developed. 
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In each case the best conditions of speed and efficiency are 
assumed to obtain. 

In the original Boyden-Fourneyron turbine of 1849, the value 


of <P was equal to. 0.00032 

This was increased by Swain in 1855 to_ 0.0008 

By McCormick in 1860 to. 0.0014 

By a number of recent designers to values from 0.002 to 0.0024 . 
And has been extended to. 0.00388 


in a recent design, without a reduction in efficiency below 

87 per cent, an enormous increase in power which is quite 
worthy of note. 

Capacity and speed are both often highly desirable for elec¬ 
tric machinery if both can be extended without too great a 
sacrifice in efficiency. The combined capacity and speed may 
be compared by the speed-power coefficients of the various types 
(see page 1409, Vol. XXXI, Transactions A.I.E.E.), which 
may be termed the “ specific power ” of the wheel, and which 
is represented by the equation 

CP- 

V* h 5/2 

in which n = the revolutions per minute of the wheel under the 
head h and with the horse power P. The speed-power co¬ 
efficient (P s is the square of the coefficient of unity speed. 

The value (P s = 10,000 had barely been reached in 1910, but 
during the present year a designer has succeeded in increasing 
the value to (P s = 11,800. 

Such wheels are frequently of high value for low-head and 
high-speed conditions, but cannot maintain such high efficien¬ 
cies under great ranges of head and loads as can be maintained 
with wheels of lower “ specific power, ” such as are shown in 
Fig. 14. 

Among the more recent improvements in the construction of 
hydraulic reaction turbine runners may be mentioned the con- ‘ 
struction of high-capacity runners of cast steel in single castings, 
thus giving great strength with large capacity under high heads 
to which such turbines could not previously be applied. 

The recent successful construction of the large single reaction 
turbines for the Keokuk hydroelectric plant is alio worthy of 
note. These turbines are 16 ft. 2 in. (4.875 m.) in diameter and will 
operate at 57.7 revolutions per minute under a 32-ft. (9.75-m.) head. 
The runners weigh 73 tons each and develop 10,000 h.p. While 
greater power has previously been developed by single wheels 
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under high heads, these wheels are remarkable for the amount 
of power developed under the low head utilized. 

Since 1911, the trend has been toward the adoption of the 
single-runner, vertical-shaft turbine for low and medium heads. 
This change in type of unit is due to the recent progress in the 
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design and development of high-capacity runners, also the im¬ 
provement in thrust bearings. 

Prior to this time, the majority of turbines for low and medium 
heads were either of the vertical-shaft, multi-runner type, or 
of the horizontal-shaft, multi-runner type. 

Weight and Cost. The weights and costs of hydraulic prime 
movers are not strictly comparable with the steam turbine, gas 
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and oil engines, for in the case of the thermodynamic prime 
movers, the conditions are more or less fixed and the costs rel¬ 
atively uniform, whereas with the water turbines they vary 
between fairly wide limits, depending upon the conditions under 
which they are to be operated. The head, kind of flume, open 
or closed, setting vertical or horizontal, single or multiple, 
material in runner, which may be made of cast iron, cast steel, 
gun metal, bronze, etc., depending upon the service conditions, 
are some-of the factors that cause the price and weight to vary 
materially. With a given head, the greater the power of the 
turbine the less the unit cost. With a given head and power, 
the higher the speed the less the unit cost. On the other hand, 
with a given power, the lower the head the greater the unit cost. 
For illustration, a water turbine developing 50 h.p. under a 
30-ft. (9.14-m.) head, and costing $18 per horse power, will 
develop approximately 300 h.p. under a 100-ft. (30.4-m.) head, 
and will cost only $3 per horse power, assuming other conditions 
equal. In reality the cost of the turbine under the 100-ft. 
(9.14 m.) head would be slightly higher than $3, as the construc¬ 
tion would naturally be more expensive. 

« 

In general it can be said that the cost of hydraulic turbines 
and generators larger than 200 kw. capacity will vary from $30 
to $10 per kilowatt installed, exclusive of foundations. 

With the broader field now covered by turbine design and 
construction, the necessity for careful selection has become most 
important, and the hydraulic engineer can at the present time 
secure hydraulic turbines of the best character and design only 
by careful attention to the intelligent analysis of turbine possi¬ 
bilities, and the selection of wheels suited to the particular con¬ 
ditions of head and load under which such turbines are to operate. 

Finance and Economics 
Investment and Ftiel Costs. 

a. Heat Engines. In comparing the various types of prime 
movers, conclusions are often reached, largely from a study of 
the cost of fuel, without any reference whatever to the total 
cost of power and the relative investment costs. As it is not 
within the scope of this paper to include operating and main¬ 
tenance costs for the entire plant, investment costs of the units 
and fuel costs are shown plotted in conjunction with the percent¬ 
age of normal full-load rating in Figs. 16 and 17, for making an 
economic study of the various types of prime movers. 
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The impression that gas and oil power invariably imply a 
lower cost of generation is constantly losing ground through 
the critical analysis of the elements of power costs. Fuel is 



Fig. 16—Relative Investment and Fuel Costs of a 750-kw. Steam 
Turbine, Gas Engine, and Oil Engine, including Direct-Con¬ 
nected 60-Cycle-Generator, Operating at Different Percentages 
of Normal Full[][Load 

only a fraction of the total cost of power, and there are con¬ 
ditions where it is overbalanced by other costs. 

Claims have been repeatedly made that steam turbines use 
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two and one-half times the amount of fuel consumed by gas 
engines, but these statements are without foundation. Before 
any fair comparison can be made of fuel consumptions, records 
should be kept over a reasonably long period and the coal re¬ 
duced to a common basis as to B.t.u. per pound and the per¬ 
centage lost in refuse. 

The curves plotted in Fig. 16 are for small machines of 750-kw. 
capacity—-the steam turbine a single unit costing $15 per kilo¬ 
watt, the gas engine a single unit costing $73 per kilowatt, and 
the oil or Diesel engine a double unit costing $95 per kilowatt. 
These prices are for the prime mover and generator delivered and 
erected (exclusive of foundations) within 600 miles of the factory. 

The investment costs are taken at 11 per cent for the steam 
turbine and 15 per cent for the gas and oil engines. In invest¬ 
ment costs are included interest, taxes, insurance and amorti¬ 
zation fund, that is, an arbitrary percentage that should be set 
aside and the percentage corrected, if necessary periodically, 
so that when the apparatus is condemned on account of obsoles¬ 
cence or inadequacy, there will be a fund which will meet the 
expense (see A. I. E. E. Trans., 1913, Vol. XXXII, p. 1619.) 

Coal for both the steam turbine and gas engine is taken at 
$3 per ton (1016 kg.) having 14,500 B.t.u. (3654 large calories) 
per lb. (0.4534 kg.) delivered alongside the dock. On account 
of the wide fluctuation in price of the same oil at the same local¬ 
ity, two figures are used, namely, four and five cents per gallon 
(3.785 litres). All auxiliary costs are included, but stand-by 
costs are not, as these vary widely with the conditions of operation. 

Adding the investment and fuel costs for any percentage of 
normal full load rating, the steam turbine will be found to be 
slightly less than the gas, and considerably less than the oil 
engine. Even with' stand-by losses allowed, the turbine will 
still have the advantage over the gas engine for loads below 80 
per cent full load rating. 

The investment costs are computed on the normal full-load 
rating, and if advantage is taken of the overload capacity of the 
turbine, which is approximately 25 per cent for 24 hours, the 
cost per kilowatt-hour during such periods of maximum capacity 
will be less than shown by the curve. This does not apply to gas 
and oil engines, as what little overload capacity may be allowed 
in these machines is for a short period of two hours or even less. 

Another set of curves is plotted in Fig. 17, showing a single 
turbine unit of 20,000-kw. capacity, costing $7.50 per kilowatt, 
ten 2000-kw. gas-engine units costing $65 per kilowatt, and 
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forty 500-kw. oil-engine units at $85 per kilowatt. In a plant 
of this capacity the gas and oil engines are practically out of 
the running, with these fuel costs. 



Fig. 17—Relative Investment and Fuel Costs of Prime Movers 
Directly Connected to 60-Cycle Generators of 20,000 kw. 
Capacity, Operating at Different Loads 

Steam Turbine—1 unit 20,000-kw. normal rating. 

Gas Engine—10 units 2000-kw. 

Oil Engine—40 units 500-kw. * 

In computing the cost of fuel the coal was put on the same 
basis, namely, 10,825,000 B.t.u. (2,727,868 large calories) per 
dollar, whereas the oil at 4 cents per gallon is equivalent to 
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3,718,000 B.t.u. (936,925 large calories) pe s r dollar. This may 
look as though the steam turbine and gas engine were being 
favored, but in comparing prime movers as they stand to-day 
they must be considered in connection with the prevailing cost 
of fuel. While it is possible to get a cheaper coal than $3 per 
ton (1016 kg.) with 14,500 B.t.u. (3654.large calories) per lb. 
(0.4534 kg.), it is a question whether many more B.t.u’s. (large 

calories) of natural oil per dollar can be obtained, except in a 
few localities. 

If natural instead of producer gas is considered, it would cost 
about 10 cents per 1000 cu. ft. (28.317 cu.m.), which is a reason¬ 
able figuie, as the price varies from 5 to 25 cents per cubic foot, 
depending upon the location of the well. 

At 40 per cent of normal full-load rating, the investment cost 
for the gas engine is approximately 90 per cent of the fuel cost 
and for the oil engine using oil at four cents per gallon (3.785 

liters) it is about 80 per cent, whereas with the steam turbine 
it is only 7 per cent. 

If we assume for illustration, that in a small plant it is possi¬ 
ble to obtain a horizontal semi-Diesel installation, including 
engine and generator delivered and erected, excluding founda¬ 
tions, foi $73 per kilowatt, and that oil can be purchased for 
3.5 cents per gallon (3.785 liters) delivered, it will be seen from 
16 that while the cost of fuel will be slightly in favor of the 
oil engine, the sum of the ordinates above and below the axis 
for any percentage of load will be in favor of the steam turbine. 
With larger installations it will be seen by referring to Fig. 17 
that the turbine has decidedly the advantage. 

All these illustrations are on the basis of the normal full-load 
rating of the plant; however, if reserve capacity is allowed for 
to insure continuity of service, the investment costs for the gas 
and oil engines will be proportionately higher than for the 
steam turbine. 

From a study of these curves it will be seen that the ratio of 
cost of steam to gas and oil units is decidedly in favor of the former 
so that gas and oil power becomes severely handicapped in large 
work owing to the proportionately greater investment burden. 
And, unless the price of coal rises materially above the present 
value, the gas and oil engines will find limited application 
in stations of any appreciable size, except under very favorable 
circumstances, where natural gas, by-product gas or some 
artificial fuel oil can be secured at low prices. If maintenance 
cost and the additional investment cost required to assure, re- 
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liability or continuity of service are included, the steam turbine 
will stand out more prominently. 

b. Hydraulic Turbines. The redeeming feature of the water tur¬ 
bine, which gives it an advantage over other prime movers, is 
the absence of fuel. As a result, the operating expenses are 
practically the same whether the plant is working 10 or 24 hours 
per day. On the other hand, the investment cost is influenced by 
the load factor, but it is doubtful in any case whether the cost of 
water turbine and generator will exceed twice that of the steam 
turbine and generator on the basis of 11 per cent. When the 
investments costs include an adequate supply of auxiliary capacity 
to supplement the deficiency in stream flow, the difference be¬ 
tween the investment costs of prime movers plus the fuel costs, 
at any percentage of normal full load rating, will not be so 
marked, as the investment costs of the units of the hydroelectric 
plant will not only be much higher than a straight steam plant, 
but in addition, there will be fuel costs for the reserve units. 
In fact, with the same class of service, and the reliability charge 
in the form of duplication of units or steam reserve, the straight 
steam turbine units will in many cases be more economical. 

In low-priced fuel districts the hydraulic turbine is only a 
competitor of the steam turbine where the development costs 
are moderate and the load factor reasonably high. 

More attention is now being given to the important relation 
between the efficiency and durability of the water turbine than 
has been in the past. It is the opinion of some engineers that the 
most efficient turbine, if operated too constantly at low gate 
opening is likely to show some pitting if the head is high, and they 
recommend that turbines of high specific speed be kept as closely 
loaded as possible to the point of maximum efficiency, while with 
turbines of lower specific speed it is not ■ necessary to operate 
within such close limits. 

General. 'The proportion of the total investment cost of a 
20,000-kw. plant represented by the prime mover and generator 
for the various types of units, is approximately as follows: 


Prime mover 

Total investment 
cost per kw. 

Cost of prime mover 
and generator per kw. 

Percentage of 
total investment 

Steam turbine. 

65.00 

7.50 

11.5 

Gas engine. 

(Producer gas) 

140.00 

65.00 

46.5 

Oil engine. 

120.00 

85.00 

71 

Hydraulic turbine .. 

125.00 

12.00 

9.6 
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The unit costs are the average values obtained from the cost 
curves given above, while the total costs were estimated and are 
only approximate, especially in the case of the oil engine, as it 
is impossible to obtain reliable data for this type of installation. 

Considering the different types of prime movers in connection 
with the total investment cost of the plant, it is evident from a 
study of curves similar to Pigs. 16 and 17, developed on a load 
factor and total cost basis, that with a very poor load factor the 
all-important point is to keep down the fixed charges, as they 
are of vastly greater importance than any possible gain in effi¬ 
ciency due to a better type of prime .mover of the same class. 
This is true of any plant, and the curves will show the futility of 
attempting to carry peak loads by means of water turbines, gas 



Fig. 18 Rates of Heat Consumption per ew. at Different Per- 

CENTAGES OF NORMAL FULL-LOAD RATING 

and oil engines or any prime mover that necessitates a large in¬ 
vestment per kilowatt. 

Efficiency and Heat Consumption, Figs. 18 and 19 are 
presented to show conservative thermal efficiencies and heat 
consumptions in B.t.u. per kilowatt-hour at different percent¬ 
ages of normal full-load rating, for two sizes of steam tur¬ 
bines and for all sizes of gas and oil engines, reckoned on the 
heat in the steam, gas or oil delivered to the throttle valve, 
and do not include boiler or producer losses or auxiliaries. 

It is evident that as the larger sizes are approached the inequal¬ 
ity between the steam turbine and gas engine steadily vanishes 
until finally the former exceeds the latter. It is interesting to 
note that at normal full-load rating the thermal efficiency of 
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the 20,000-kw. steam turbine, which is based on 175 lb. steam 
pressure and 100 deg. superheat, is 24.2 per cent, and the producer 
or natural gas engine 23.8 per cent, both referred to kilowatt- 
hour output. Referring to Fig. 2, it will be seen that the average 
thermal efficiency of steam turbines larger than 14,000 kw. 
is between 24 and 25 per cent, and the maximum value for very 
large machines is a little below 25.5 per cent. 

An important feature of the steam turbine, and especially the 
oil engine, is that the efficiency does not materially decrease 



F IG . IQ—Thermal Efficiency of Prime Movers (auxiliaries not 

ALLOWED FOR) 


until the load falls below 25 per cent of the normal rating, 
whereas the gas engine changes rapidly. 

In small plants with a low load factor, efficiency may be a 
secondary matter compared with investment cost, and the cost 

of maintenance and reliability. 

Maintenance and Reliability . On account of the high 
mechanical stresses inherent in the gas and oil engines, 
and heavy reciprocating masses, there is necessarily greater 
maintenance and repair cost, also a lower reliability of ser- 
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vice and a higher class of attendance than for either the steam 
or water turbine units. The reliability of the gas and oil units 
has not been sufficiently established to warrant their adoption 
for reasonably large power stations operating 24 hours daily, 
without the plant being over-burdened with some type of reserve 
and consequently excessive investment costs. 

Space Economy 

This factor affects the investment cost of power, and is especi¬ 
ally of very great importance for plants Of any appreciable size 
in large cities or where property is expensive. For different sizes of 
the various types of prime movers the number of kilowatts per 
square foot of floor space occupied, is from 10 to 15 for horizontal 
steam turbines, and from 0.5 to 0.8 kilowatt for gas and oil 
engines. Where a number of gas and oil engines are installed 
and the passage-ways included, the contrast will be still greater. 

Summary 

Perhaps the most remarkable fact brought out in this report is 
shown in Fig. 19, where we find that the large steam turbine has 
now passed the gas engine in thermal efficiency and the only 
prime mover surpassing it is the Diesel type of oil engine. The 
oil engine reaches a maximum efficiency of about 28 per cent 
as compared to about 24 per cent for the latest type of 20,000- 
kw. high-vacuum steam turbine, and there is every prospect 
that at least 26 per cent will be realized before the end of the 
current year. 

The present limit in size of the Diesel type engine seems to be 
about 1800 kw., so that for plants in excess of 15,000 kw. in 
capacity the number of units and the space occupied by them 
becomes excessive. Just what their maintenance under the 
high cylinder temperature will be is dubious, as there are not 
sufficient data available to enable the Committee to report. 

Figs. 16 and 17 summarize the whole prime mover situation 
in the combined curves of investment and fuel costs, as b-y taking 
the sum of the ordinates at any percentage of the rated load it 
will be seen that the steam turbine is far more economical than 
any other type of heat engine. 

In conclusion the authors wish to acknowledge their indebted¬ 
ness to Mr. D. W. Mead, a member of this committee, for the 
curves of Fig. 14 and a portion of the section on hydraulic 
turbines, and also the kindness of a number of manufacturing 
companies in furnishing the necessary data. 
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Discussion on “ Present Status of Prime Movers” (Stott, 
PlGOTT AND GoRSUCH), DETROIT, MlCH., JUNE 25, 1” 1 

R. Tschentscher: The division entitled ‘‘Gas Engines 
comprises internal combustion prime movers using natural gas^ 
producer gas, or blast furnace and coke oven gas. The relative 
measure in which each enters into the problem is not given. 

In 1907, blast furnace gas engine installations began in 
the iron and steel industry. It was my lot at that time to place 
in service and operate the first plant of any considerable size. 
Power from the plant referred to was imperative, and there 
was therefore but little time for miscellaneous experiments, 
alterations, readjustments, etc. The conditions presented eacii 
day were varied. Experienced men were not obtainable, tne 
hours were long, gas headaches were frequent, and the force 
was ever changing. The blast furnace operating conditions 
required readjustment from a condition .of making pig iron 
with gas as a by-product used for air heating or steam genera¬ 
tion purposes, to a condition where the maintenance of . an ade¬ 
quate gas supply was necessary in order to supply electric ppwem 
for the equipment used in making the pig iron. 
proposition presented an entirely different phase to tne 
blast furnace man. If he did not make the gas, the electric 
power could not be supplied, and hence he could make neither 
pig iron nor gas. I am afraid, therefore, that in some quarters 
a knowledge of the earlier more or less unsatisfactory power- 
costs and operating results incident thereto, is still the basis 
for an opinion as to the status of the blast furnace gas engine 
in power stations at the present time. 

The situation, however, based on the facts has been, materi¬ 
ally altered. It is true that from 1907 to 1909 the steel industry 
may have put into operation too many blast furnace gas engine 
plants, and that the gas engine reputation suffered thereby; 
but it is now recognized that after the experimental bill has been 
paid, gas engines operating on blast furnace gas have a footing 
based on true economics, namely, the return on the dollar in¬ 
vested, all factors considered. 

At the present time statistics which I endeavored to. collect 
show that there is approximately 450,000 kw. generating ca¬ 
pacity in the steel plants that sent returns to me. Of that ca¬ 
pacity, approximately 175,000 kw. use gas engine generation. 
The United States Steel Corporation alone has installed and in 
service approximately 140,000 kw. of. gas engines operating 
from blast furnace gas. The various sizes of the plants range 
from 1000 kw. to 64,000 kw. in one plant. 

About a year ago a paper was read before the Iron and Steel 
Institute, in which were given blast furnace gas electric power 
station costs, not including investment costs or other fixed 
charges, that were, approximately, $2.75 per 1000 kw-hr., being 
2.7 mills per kw-hr. These figures were the results of a year’s 
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operation, 1912, I believe. These figures covered the operation 
of units, most of which were of the earlier type. Since that 
time the situation has materially changed. A 2000-kw. unit is 
not the limit of size by any means. IManufacturers are pre¬ 
pared to build now, and have had in operation for some time, 
units of 3000 kw. The exact weights I do not recall but the 
weight per kilowatt for the 3000-kw. unit is much lower than, 
it is for the 2000-kw. size. The operating costs for a plant 
composed of 3000-kw. units, as now manufactured and as opera¬ 
ted for at least two and a half years, are lower than 2.7 mill s 

J. R. Bibbins: Does that include the investment? 

Tschentscher: No, the figures do not include investment. 
Iney are what is customarily considered as power station cost. 

I wish to comment on a few specific points mentioned in the 
paper. In Fig. 16 are given fuel costs for a 750-kw. unit. For 
fear these may be taken as representative of what the gas engine 
can do, I will say that from my knowledge of the subject it 
a PP ea fs t0 me . t0 b e not equitable to compare the 750-kw. unit 
with the turbine or reciprocating engine of that capacity I 
am discussing this subject merely from the standpoint of blast 
turnace gas engines,, not natural gas or producer gas engines. 

A steel plant requiring but 750 kw. would far better install a 
steam power prime mover or buy its power from some other 
source, because such a plant will probably have considerable 
periods in which there will be no gas available and no furnace 
m operation and hence no power can be generated from the gas 
engine installation. I think it may be stated as a fact that the 
750-kw. gas engine has no place in the steel plant. Therefore 
comparison by using such units, as far as the blast furnace gas 
engine is concerned, may be misl eading. 

On the page following Fig. 16, the cost of $3 per ton is used 
as the cost for fuel m the relative comparisons, which, I believe 

ll to ° ^ consi , derin g cost °f fuel as used by steel plants! 
Most steel plants are located at a point of low fuel cost, and $2 
would more nearly represent the true condition. 

In the last paragraph of that page it is stated that the steam 
turbine has an overload capacity of approximately 25 per cent 
tor 24 hours, while the gas engine is credited with an overload 
capacity for short periods, two hours or even less. That mav 
apply very well to the motive power end of the unit. A steam 
turbine, no doubt, can operate for 24 hours a day at 25 per cent 
overload. To a large extent the gas engine may or may not be 
able to do that, depending on the design, depending on how free 
the manufacturer was in his guarantee. However, as far as 
the generator is concerned, I cannot see why the generator on 
the gas engine cannot have the same overload capacitv for the 
same length of time as that of the turbine or the steam eng'ne 
provided they are built on the same standards 

on nnn ^ t ? S ? me “Resting data, namely, the cost of 

0,000-kw. steam turbine units. I presume that what was in- 
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tended here was a comparison of the motive power end, the prime 
mover end, of a plant having 20,000-kw. capacity. If that is 
the case, it does not appear to me to be fair to allow one 20,000- 
kw. turbine as the capacity of a 20,000-kw. station. No one, 
of course, would so design it. It would be designed with two 
20,000-kw., or three 10,000-kw., or four 7500-kw., or perhaps 
two 15,000-kw. units, depending on the overload capacity, in 
case one unit is shut down. The reason I mention that is this— 
the 20,000-kw. turbine is compared with ten 2000-kw. gas en¬ 
gines. Ten 2000-kw. gas engines such as may now be purchased, 
I believe will have a greater yearly kilowatt output than one 
20,000-kw. turbine unit. Therefore, it appears to me that a much 
fairer comparison would be to arrange the curves to refer to 
a 20,000-kw. output station, each prime mover being of the 
most suitable size. This might, in the case of the gas engine 
plant, consist safely of eight 3000-kw. blast furnace gas engines 
or perhaps seven. I will not attempt to say how many oil 
engines, as I am not familiar with the subject. On this basis 
the situation is altered, and these curves will assume an entirely 
different shape. Eight 3000-kw. gas engines may be purchased 
for materially less than $65 per kw., installed on the foundations. 
Not having the figures definitely at hand, I am, however, of 
the opinion that $50 or less will purchase the equipment. 

The table at the bottom of page 1163 deals with the total invest¬ 
ment cost of gas engines and other prime movers, and I see it is 
stated that the cost of the producer gas engine is $ 140 per kw. Unless 
the price of producers has materially increased, I believe that is 
a high figure. When I first made my comments or notes here 
in connection with this particular table, I did not see that “pro¬ 
ducer gas” was put in parentheses. Some have the opinion 
that the blast furnace gas engine installation will run in the 
neighborhood of $140. It can be installed for materially less 
than that, not including, of course, land values, which vary so 
greatly, depending on location. Without considering land values, 
I believe a 30,000-kw. plant may be installed for from $85 to 
$100 per kw., including the gas cleaning plant, together with 
the necessary piping, all auxiliaries, etc. 

On page 1165 the question of reliability is mentioned, giving 
the steam turbine by far the best of the argument. In that con¬ 
nection I wish again to say that the situation is materially dif¬ 
ferent from what it was several years ago. The history of the 
operation of one particular plant for the past, few years shows 
very reliable blast furnace gas engine operation—probably as 
reliable as a steam turbine plant, with the exception of, per¬ 
haps, a little unreliability in this local plant in the. gas 
supply end, due to periodically restricted furnace operations. 
As far as the power station operation is concerned,, modern 
gas engines are practically as reliable as steam turbines. It 
must be remembered that blast furnace gas engines operate 
twenty-four hours a day, because the mills operate on a twenty- 
four hours per day basis. 
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A paragraph on the last page of the paper deals with the 
question of space economy. It is stated that a gas engine in¬ 
stallation requires twenty times the space of a horizontal steam 
turbine installation. ' When that figure was presented to me I 
pictured an 8000-kw. plant with which I am familiar and tried 
to figure whether I could replace that with a 160,000-kw. hori¬ 
zontal turbine outfit. I am perfectly safe in saying I could not 

I could probably put a 70,000-or 80,000-kw. horizontal steam 
turbine plant in that space. 

I would like to call the attention of any one who is interested 
in the subject of producer gas engines to the installation which 
the Ford Motor Company is now in process of making. There 
will be three 3750-kw. generators, direct-connected to twin 
tandem combined gas-steam engines, a very unique installation. 
What they will lealize I do not know—one side of the outfit 
being steam-driven and the other producer-gas-driven; the 
boilers to be mounted above the producers, and the feed water 
to be heated from, the waste gas of the gas engines. I under¬ 
stood in conversation this morning with one of the representa¬ 
tives of the company, that they have overcome the usual diffi¬ 
culties, and on that basis we are likely to see some exceedingly 
economical results obtained at that plant. 

In conclusion, I would like to say that the paper which has 
been, presented to us this afternoon is of very great value, but 
one is apt to draw erroneous conclusions from a paper which 
treats of prime movers only, and it ought to be emphasized that 
all these figures should be taken as representing prime movers 
only, and not as being typical of the entire generating plant. 
Operating conditions and costs of the boiler plant, the producer 
plant, or the gas cleaning plant, or similar factors relative to 
auxiliaries, may greatly modify the conclusions which may be 
drawn from a consideration of prime movers only. 

J. R. Bibbins: This admirable paper brings forcibly to mind 
two fundamental facts both intimately related to the cost of 
power production: (a) the tremendously rapid increase in the 
capacity and the cost and weight efficiency of steam turbine 
units; (b) the correspondingly rapid aging of power genera- 
tmg apparatus by change in the art, and the heavy replacement 
or obsolescence charges resulting therefrom. 

The one is evident on the face of the facts presented, the 
other, by experience only, and yet in an established property 
the burden of fixed charges due to obsolescence must be reckoned 
with .and might operate to modify largely the relative economic 
positions of the various prime movers represented in this paper. 
It is to be hoped that the authors will present something further 
on this aspect of the question in the future. 

While the general economic principles employed in this paper 
are quite unimpeachable, it seems to me that forced compari¬ 
sons between the relatively small units of the internal combus¬ 
tion type and the large units of the steam turbine type can 
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hardly lead to conclusions fundamentally sound in the broader 
aspect of system vs. size. Thus the comparison drawn here for 
a 20,000-kw. plant is justifiable only in so far as it applies to 
the forced conditions of ten gas units vs. one steam unit. Obvi¬ 
ously neither installation would receive serious consideration 
to-day as an effective layout, and a true comparison of systems 
should be made on smaller capacities. Thus in Fig. 18, the 
heat consumption curve of a 2000-kw. turbine would appear 
to much less advantage than that of the 20,000-kw. unit. 

It is well that the authors have brought out the importance 
(page 1142) of the Rankine cycle as a detector of spurious water 
rates or heat consumption curves. I have in mind the case of 
a heat engine economy curve published some years ago as a 
wonderful performance. It looked rather “fishy,” and I did 
not take even the trouble to work out the thermal efficiency, 
but simply applied the Willans law, as in Fig. 1. This very 
simple graphical method plainly showed that the heat consump¬ 
tion curve published was in error. 

I am interested to know whether the net basis of heat units 
has been used in making these comparisons. Of course, either 
net or gross would not affect the over-all efficiency of a plant, 
at the coal pile, but it would most decidedly in the comparison 
of these thermal efficiencies. Also, approximately uniform gas 
engine piston speed was presumably used in making these com¬ 
parisons of engines of various sizes. In the matter of the oil 
engine, while some of the auxiliaries might be dispensed with, 
I do not quite see how the air compressor can be disregarded. 
It is rather difficult to conceive of a Diesel type of engine with¬ 
out any auxiliaries, because the engine is absolutely dependent 
upon the air injection for its operation. 

In Figs. 16 and 17 the authors have presented an argument 
that seems rather hard to combat, with two exceptions. One 
is the unfortunate choice in the size of units. Thus, in this 
comparison between the 20,000-kw. steam unit and the ten 
2000-kw. gas units, it is important that these costs and economy 
curves should be correlated not only as to size, but as to method 
of operation. It should be assumed that the smaller units were 
put into operation consecutively. That is, 50 per cent plant 
rating should refer to half load on the 20,000-kw. machine, and 
half of the number of smaller machines running at full load, 
rather than half load on all of the small machines. I must 
confess that the latter method, here used, seems unduly un¬ 
favorable to the smaller units, because it is obviously possible, 
in an underloaded plant, to build up prime mover capacity to 
meet the load with far better over-all efficiency in small units 
than with one very large unit. 

The other point is in regard to the price of steam or gas coal, 
$3 per ton. It was my pleasure to have quite intimate knowledge 
of the development of the bituminous producer in the use of 
low-grade fuels of various kinds. I have not followed very 
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recent developments, but in view of the success attained at 
that time it seems to me inequitable, except m certain individual 
locations, to assign to the producer gas plant as high a price for 
fuel as for steam coal. If the producer has any special fiel , 
it is as an apparatus designed for, and capable of, using low- 
grade fuels—for instance, the lignites in the West. Thus, any 
possibility of difference in the cost of coal (Fig. 16), would operate 
to overcome the higher investment cost -assigned to the power 

ga Fmany* there is one thought which occurred to me in this 
connection, especially as to the theory of prime movers and 
their application, presumably, to central station work. In a 
previous paper, presented two days ago at this meeting, t e 
question of special peak load apparatus came under discussion, 
and there occurred to me at that time, as many times before, 
the question whether the complete standardization of prime 
movers is absolutely essential in a plant only half of which may 
be called upon for peak load duty, and not for an hour neces¬ 
sarily, but perhaps for only ten or fifteen minutes. In street 
railway practise, for example, the maximum passenger move¬ 
ment occurs usually within ten minutes after 5.30 p.m. I o 
reflex of this great volume of passenger movement on the power 
plant load does not by any means last over the hour. 

Now, on the other hand, generators are universally rated 
upon at least an hour basis, and the question therefore arises, 
whether it would not be possible to develop a type of prime 
movers or combination of prime movers, of minimum .cost, 
perhaps not quite as efficient (because the last grain of efficiency 
would not be necessary at the. extreme peak), but of a type 
ceedingly sturdy in construction, one that could stand higher 
temperatures and excessive overloads for these short peak load 
periods. Of course, the steam turbine is able to do this now, 
though not designed primarily for peak load conditions. Per¬ 
haps a special combination of short peak ratings would suffice. 
It would be interesting to know how near po.we.r plant apparatus, 
as it is designed today, approaches the limit of ultimate ca¬ 
pacity of materials used. It certainly is .not impossible to de¬ 
termine this in the case of the gas engine installation, which, . as 
you can see, is very seriously handicapped on the peak load basis. 

H. M. Hobart: The authors give a table at the bottom ol 
page 1163 in which the total investment cost per kilowatt is 
given. With the greatly decreased cost of steam turbines, the 
cost of the prime movers and the generators is now perhaps 
one-half, or even less, of the outlay for land and buildings 
in the case of a station located in or near a large city. It 
would be interesting if, in the first column of this table, the 
authors would indicate more precisely whether the total in¬ 
vestment cost per kilowatt, at any rate in the case of steam 
turbine plants, includes a station to be laid down in or near a 

large city. 1 

I want to call attention particularly to this matter of total 
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investment cost. I should be glad if the authors would qualify 
that figure of $65 for the total investment cost per kilowatt for 
the steam turbine plant, given in the table at the bottom of page 
1163 with a precise statement of the allowance they have made 
for the land and buildings in the case they have in mind, since 
that is probably the largest component of all, and leaves us in a 
very vague frame of mind as to the composition of the total 
investment. Figures should preferably be given for each partic¬ 
ular component of the total investment, and I should like to ask 
the authors to supply these component costs.. It would be much 
appreciated if the authors would make a precise statement of the 
total cost in and near large cities, and also the correspond¬ 
ing allowance for land and buildings. This could be followed 
by the corresponding figures for the same size and design, of 
station, but located exclusively with reference to an economical 
supply of coal and water and low prices for land. The addition 

of these data would be much appreciated. . . 

E. D. Dreyfus: The admitted breadth of the subject of prime 
movers makes it possible only to treat of all of its phases but 
partially in a limited paper; however, sufficient has been pre¬ 
sented to demonstrate that the steam turbine holds a superior 
position in view of the present prices of the different types of 
equipment and the existing fuel costs. Such an attitude regar - 
lng the equipment situation has been quite pronounced in the 
power industry during the past two or three years. As pointed 
out in the paper, the steam engine has for some time been rapidly 
losing ground. Greater use of the gas engine has been seriously 
checked by the lagging progress of the producer.. While.natural 
gas is an ideal fuel for the internal combustion engine, the 
available supply for power purposes is limited and therefore 
its price is too uncertain. Very little practical headway has 
been made in the utilization of the inferior grades of fuel such 

as peat, lignite and the low-grade coals. . . 

While the gas engine has taken a prominent position m blast 
furnace and steel mill work, I do not believe it can fairly claim 
an undisputed title to that field. Possibly for a limited capacity 
it may show a small economic advantage. However,, when 
the plant becomes of an important size the advantage in fuel 
economy not only vanishes, as illustrated in the paper, but the 
gas engine is exceedingly handicapped by its greater mainte¬ 
nance and attendance costs. For such reasons, the gas engine 
will be unable to maintain its former popularity even among 

the steel men. 

The writer made the statement about three years ago that 
the demand for gas engine plants would only be for installations 
of 1000 kw. or less, until there should be a material nse m the 
price of coal. Expected further developments in gas power 
equipment have also, no doubt, deterred the power plant owner 

from installing this type of equipment. . 

It might be well to illustrate by example the bearing the 
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item of labor has upon the total operating cost. The labor 
cost in a gas producer plant containing three 300-kw. units 
would be about $830 per month, while for a similar size steam 
turbine station it would be in the neighborhood of $570. For 
such small size plants the difference may not be serious, but on 
the other hand, if we were to compare plants say of three units 



Fig. 1—Proportionate Equality Curves 

Showing balance of total costs of generation in gas and steam plants with variable 
fuel prices and load factors. 

^ ArC P ^ bo ^ e curves favors the gas engine; below, the steam turbine plants prove more 
economical. Based on general conditions in the text, 
ruel values 

Mh“Tir uS coaI .13,000 B.t.u. 

Rw r ? lgas . 975 B.t.u. 

Blast furnace gas. 80 B.t.u. 


of 2000 kw. each, the gas. engine station would involve a labor 
cost of about $3425, while the same capacity steam station 
would demand only $2020, roughly. If we take a plant of 
20,000 kw., consisting, in the case of gas engines, of ten 2000-kw. 
units, and if steam turbines are used, of about four 5000-kw. 
units, the respective labor costs would be in the neigborhood of 
$11,180 and $4,475 per month. As the fuel economy of the gas 
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engineis but little better than the steam station when such sizes are 
considered, and, moreover, as the labor cost in the gas engine plant 
exceeds one-third the total operating expense, the internal com¬ 
bustion engineis obviously given a decided setback. This contrast 
has been made upon the basis of a 50 per cent load factor. The 
lower the load factor, the less economically will the operating 
force be applied, as a general proposition, so that labor cost 
will in a somewhat greater degree prejudice the gas engine plant 
at low load factors. It is rather difficult to show all the com¬ 
bination of factors at work to influence operating cost under the 

wide range of conditions that obtain. 

I attempted to show, in a paper presented before the Asso¬ 
ciation of Iron and Steel Electrical Engineers in 1911, the gen¬ 
eral relations of the different prime movers by taking into ac¬ 
count all the elemental factors. As germane to the discussion, 

I am presenting (Fig. 1) one of the figures prepared at that 
time, which shows results obtained by taking into account all 
the different costs that enter into the power problem. Except¬ 
ing the bottom curve, all the comparisons are between gas 
engine plants and steam turbine plants. The area above the 
curves favors the gas engine, and conversely, that below repre¬ 
sents the economical field of the steam turbine. It will be 
observed that for large gas producer stations operating on low 
load factors, the cost of coal’would.have to be at some fabulous 
price to justify their existence. In the hydroelectric plant it 
is not only the absence of fuel that makes for low costs (assum¬ 
ing reasonable development cost), but the small operating and 
maintenance expense gives such a plant an excellent position when 
within close range of a favorable power market. 

Referring to costs of oil engines, some recent figures obtained 
from a large American manufacturer indicated that the complete 
oil engine plant could be installed (including buildings and 
foundations) at costs ranging from $150 down to $100, depend¬ 
ing upon the size of the plant. A representative of a foreign 
oil engine builder claimed that oil engines could be delivered 
and erected within reasonable shipping distance from port of 
entry, complete with building, at costs about 20 per cent below 
the figures just given. This is expecting a little too much, but 
the oil engine builders are working towards a reduction in the 
cost of the equipment, which should of course give this type 
of equipment a better competitive position. On the other 
hand, the' lack of stability of oil prices has a disquieting effect 
upon the use of the oil engine. In the South and Southwest 
in the vicinity of the oil fields or in the neighborhood of the 
ports receiving Mexican crude, the oil engine increases in im¬ 
portance. 

In any consideration of prime movers it is becoming better 
understood right along that we can not allow ourselves to be 
guided by technical conditions only. The human element 
enters seriously into a question of this kind. For a given„ 
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equipment the results obtained under actual operating condi¬ 
tions may differ in a marked degree, depending upon the ability 
and conscientiousness of the chief and his crew. This is more 
apparent in steam plants, as^ with their liberal overload ca¬ 
pacity, the output may be maintained though the efficiency may 
have fallen off greatly. With the producer gas engine plant, in the 
first place, a more competent force is required, and then if the force 
should become negligent the quality of the gas will suffer and 
at the same time no doubt there will result an inefficient mixture, 
so that the engine may fail to pull the load. Therefore, it may 
be said the gas engine will depart the least from its best opera¬ 
ting efficiency. Another point—if the external load on the 
station is of a widely fluctuating character, the unit or ‘‘machine” 
load factor will be unfavorable, on account of the inadvisibility 
of operating without a conservative margin. In fact, if a gas 
engine is overloaded to any extent it is liable to fall out of step, and 
if the station comprises gas engines only, the effect becomes pro¬ 
gressive and the whole plant will go down. I have observed 
complete shut-downs from just such causes. There are a great 
many operating considerations to be borne in mind, and this is 
unquestionably accountable for the marked inactivity of the 
gas engine business in the past few years. 

H. G. Stott: Mr. Tschentscher is entirely mistaken in as¬ 
suming that these comparisons refer to blast furnace gas practise, 
as that is specifically exempted. The blast furnace gas plant 
is not considered in the paper, excepting the reference on the 
page where we begin discussion of the gas engine, that is, on 
page 1142, where you will find due credit is given to the position 
of the large gas engines in steel plants, where we say, “ The 
development of large gas engines is largely due to the ideal con¬ 
ditions existing in steel industries, where large quantities of 
blast furnace gas are available, requiring only cleaning to make 
a perfect fuel for this type of prime mover.” Then we go on 
'and refer to the fact that they have reached a- capacity of 
6000 brake h.p. for a single unit of the twin tandem type. 

Now, some question was raised by Mr. Tschentscher and 
also by Mr. Bibbins, as to the comparison of costs of producing 
power, based upon the assumption of equal cost of fuel.. I 
admit that possibly may be a little unfair, but how are you going 
to do it in any other way, in making comparisons? If we use 
cheaper fuel for the gas engine than we do for the steam turbine, 
there would be a complaint from the other side, because, as you 
know, in a great many cases, anthracite is used in producer 
gas engines, and anthracite is usually—not always—but in the 
larger sizes, is much more expensive than bituminous or semi- 
bituminous, so I think it is clear that for the purpose of com¬ 
parison it was an impossibility for us to do anything but use 
the same price of fuel in both cases, because any needed cor¬ 
rection can be made in this comparison. If, for example, you 
find the fuel to be used in the producer is 10 per cent or 50 per 
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cent cheaper, it is quite easy to make this correction in these 
curves. If we had started on an unequal assumption of price, 
it would have been very difficult to make the correction. 

Mr. Bibbins asked about the kind of heat unit, whether gross 
or net heat unit. I do not understand the question, but 1 
would say that we used the mean B. t. u., which is the average 
B.t.u. contained in steam between a temperature of 32 deg. 
and 212 deg., which is given in practically all the modern steam 
tables, which is 1/180 of the heat contained between two points, 

between 32 deg. and 212 deg. _ . . . . , -r 

There were a number of other questions raised, which 1 will 

be glad to answer further by a written discussion, as our time 

is limited now. . . . , . _, 

Of course, in making these comparisons it is obvious you must 

make generalizations. We have compared m one table here 
the results of all units; for example, m Fig. 16 we go up to a 
maximum size of 750-kw. units, but, in order to be perfectly 
fair to the larger prime mover, namely, the steam turbine, it is 
obvious we had to consider 20,000-kw. turbines. We might 
have gone to the 30,000-kw. turbine, as that is now an ordinary 
' type and design; however, we only went to the 20,UUU-A«v. 
turbine, as there are a number of those in actual operation to¬ 
day. There was no way, which we could see, to compare the 
operation of the 20,000-kw. unit, as a unit, other than to ta e 
a number of multiples of the smaller ones to compare with 1 . 
So far as we know, the largest gas engines in actual operation, 
outside of the steel industry, are those of 2000 kw. rating, and 
therefore we chose that size, and the same reasoning applies 
to the oil engine. If we multiply that by two in one case and 
by fifty in another case, it does not alter the relative value, 
and simply quoting the three machines, so as to make them 
comparable, is not fair to the steam turbine, unless we show 
what cafi be done with the larger sizes. That is the reason 


we did it. . ,. , 

The paper is also criticised as not covering the entire cost 

of the power plant. This paper is one on prime movers, and 
not on power plant. It seemed to us that we had to take into 
consideration the fuel consumption, but that we could cut out 
all auxiliaries. The consumption of power by the auxiliaries 
of the various types of prime movers is not greatly different 
in relative cases. The total percentage of power is from 6 to 
8 per cent in nearly all cases, so that we had to make certain 
assumptions in order to make these comparisons on what 

seemed fairly equal terms. > . 

S. Barfoed (by letter): This paper is a resume for con- 

ditions in that section of the country where coal is ob¬ 
tainable at reasonable prices. In large sections of the West, 
however, oil is the common fuel, and the curves given under 
(i Finance and Economics’ 5 must be revised for this condition. 
Assume the oil to have 18,000 B.t.u. per pound, then with 
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oil-fired boilers at full load a kilowatt-hour can be had from 
1.26 lb. of oil, corresponding to about 259 kw-hr. per barrel of 
oil. With oil at 4 cents per gallon the fuel cost at full load 
and with oil-fired boilers will be 6.5 mills. 



Fig. 2—Relative Investment and Fuel Costs 

Of 750-kw. steam turbine (one curve for coal firing, one for oil firing), gas engine, 
and oil engine, including direct-connected 60-cycle generatox, operating at different per¬ 
centages of normal full load. 


In Fig. 2 there have been reproduced the curves of Fig. 16 
in the paper and a curve has been added for a turbine with oil- 
fired boilers.' Combining this curve with the curve for invest¬ 
ment costs, and also the curve for the oil engine with oil at 4 
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the boiler in the case of the steam turbine are the primary 
generators of power and cannot consistently be left out in 
comparison with oil engines. 

As the high economy of fuel in a steam turbine is largely 
dependent upon a good vacuum and high superheat, in other 
words, is to a considerable degree dependent upon expensive 



Fig. 3 


auxiliary equipment, it would seem no more than fair to include 
the auxiliaries. Much has been claimed for the small space 
required for the steam turbine, but in most such comparisons 
no account is taken of the boiler plant. If the boiler plant is 
considered when comparing the space economy of the steam 
turbine with oil engines for small power stations, the steam 
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turbine does not appear to have much advantage. In view of 
this it seems to me that total station cost is the only fair basis 
for investment cost comparison. 

The table of total investment cost per kilowatt included in 
the paper gives values for a large capacity station, but if we 
add to them the engine cost differences between Figs. 16 and 
17, viz., $10 for oil engines, $8 for gas engines and $7.50 for 
the steam turbine, we have $148 for the gas engine, $130 for 
the oil engine and $72.50 for the steam turbine, which would 
seem to be reasonable for a station using 750-kw. units. On 
the basis of these figures I submit, in Fig. 3 herewith, a revision 
of the curves in Fig. 16. Concerning the lower part of the 
figures, showing the fuel costs, I desire to state that it seemed 
to me that the values given for the steam turbines are rather 
lower than are commonly found for working conditions, so in 
the accompanying curves I have boosted up the values to what 
seem to me to be more reasonably attainable figures with tur¬ 
bines of such small size. Concerning the oil engine, I find that 
there are several authentic cases where the total operating cost, 
exclusive of attendance, is considerably below that given in 
Fig. 16 for fuel alone, and that there are regions where crude 
oil can be purchased for as low as 2.5 cents per gal. In the curve 
submitted I have used 3 cents per gal. I believe that some of 
the manufacturers of oil engines are willing to guarantee a 
higher thermal efficiency than that given in the paper, but I 
neglected that in the curves. The fuel costs for the gas engine 
I did not find any reason for changing. It seems to me that the 
curves in Fig. 3, at least insofar as they concern the investment 
cost, are a much fairer basis for the comparison of prime movers 
for small plants than the curves submitted by the authors of 
the paper. 

By adding the ordinates for investment cost and fuel cost in 
the curves I have given, it is apparent that there is very little 
difference among the three forms of prime movers. If we con¬ 
sider even smaller stations, say those with units of about half 
the size of those considered in the curve, the oil engine and 
the gas engine will have a decided advantage over the steam 
turbine. It is worth while to note in the case of the gas engine 
and oil engine that jacket water and water heated by exhaust 
heat economizers can be used for heating and for industrial 
processes where hot water is needed, thus extracting still more 

heat from the fuel without in any way affecting the engine 
efficiency. 

I do not think that any one type of prime mover can be made 
to meet all cases.. I believe in selecting the one best adapted 
to the local requirements. 

.While there are many central stations of enormous capacity, 
still a very large percentage of power generated, particularly 
m industrial plants, is produced in stations using units of 750 
kw. or less, so it seems to me that the paper under discussion, 
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considering the scope it is intended to have, hardly gives the 
status of prime movers for small stations with the fairness that 
ought to be expected. 

W. S. Gorsuch (by letter): Curves shown in Figs. 16 and 17 
have been criticised as being unfair to the oil and producer or 
natural gas engines. In Fig. 16 the largest oil engine for which 
reliable data could be obtained was taken as the basis, and a 
corresponding size gas engine and steam turbine selected for 
comparative purposes. In fact, the largest oil engine unit in 
successful operation in this country today is less than 500 h.p. 
capacity; therefore, in taking a unit of 750 h.p., the oil engine is 
being favored. 

The object of Fig. 17 is to show the advantage that the steam 
turbine has in being made in large sizes, 20,000 kw. being taken, 
as many such units are in actual operation. To make the 
curves showing investment costs comparable, the cost per kilo¬ 
watt normal rating was determined on the basis of purchasing 10 
producer gas and 40 oil units of the largest sizes in actual oper¬ 
ation today. The lower curves show the relative economy of 
the individual units and have no reference to plant operation. 

Regarding Mr. Tschentscher’s comments on “ Space Econ¬ 
omy,” the figures given on the last page of the paper are the 
average minima and maxima of different sizes of machines in 
actual operation today, excluding the blast furnace gas engine. 

If Mr. Farwell will refer to page 978, under the heading 
“Finance and Economics” he will find it specifically stated that 
the scope of this paper is limited to prime movers; consequently 
the upper curves in Figs. 16 and 17 show the investment costs 
in units per kilowatt-hour output at various percentages of full¬ 
load rating for prime movers only, that is, the cost of prime 
mover installed, exclusive of foundation. The figures given in 
the table on page 1163 give investment costs of plants using 
various typ f es of prime movers, and include all costs, with the 
exception of real estate. 

The figures and curves submitted by Mr. Farwell are based 
on the assumption that the investment cost per kilowatt in¬ 
stalled capacity of all the items contained in a small power 
plant, exclusive of the prime mover, will be the same as for a 
station of much larger capacity, which obviously is erroneous. 
The cost of fuel per kilowatt-hour output for the steam turbine, 
as given in Fig. 16, is based on the average efficiency obtained 
from this size machine. 

R. J. S. Pigott (by letter): Replying to Mr. Tschentscher, if 
he will refer to page 1143, under the heading “ Capacity,” no 
doubt the question in his mind will be removed as to the relative 
overload capacities on gas engines and turbines. While his 
figures in criticism of our costs are somewhat indefinite as a basis 
of analysis, the figures presented in our paper were obtained 
from a number of manufacturers and from purchase prices in 
the hands of a number of buyers. 



Refer i 

riuy 

U 

> t ht 

„S t s i 1. i 

■in* 

"!! ! 

of 

Mr. 

I-.tl 

» t 

*\V | • i I. .4 

Ofli 

'itf 

m 

. i s f i 

* h S’ 

111* ft » 

i*f 4 - 

mobile: 

if " 

I11> 

! y | 

H* i Hf 

nr 

li 

e It 

a *vt 

r lu 

is !jot. 

if* f 

3 = S 4 ' 

I j 

t a 

1! , 1 

i U n 1 

in f 

no* 

1 -4 n* •* 

count rv 

in 

les 

S til 

in ha 

!?" 

it 

i t 

1* 'So 

u si 

i la 1 i 

f ^ f 4 4 f t f 
& --I*! a f 

' n *>■ 

n* 

1 

1 

Co! 

oar! v 

in 

utia. i 

V. 

< 

>r n< 

i ma 

in 

It 

Ti 

anoi 

* * i. 

11; i 

arc a 

va.i 

lai 

»It 

* hi 

4 t • 

at i; 

1 ;S 

certain t 

l ! i t 

\\ 

j 11 ? * 

| | ^ ■' | f 4 

eh 


: u 

perl 

toa! 

s * n 

* f iff C i ' 

p * 

1 ;3 * v. 

* 

.j 11 

4 *; « 

lain 

toua 

j ce 

will not 

I k* I 

cs 

4 f l-j »■ 

V ii *. V 

ill W 1; 

t 

f $ 

* 

k 

lu 

! 4 4 fi 

!ma 

rv n 

.vi| if* i 

cal 

* i * 

i 

-ncii 

io us 

ins 

super! us 

li . 

•#i | ■ 

i 

I -t | 1 

nllos 

? * j 
^ *B S 

il 

k i : 

i %' '' 

4 of 

a 

t V) 

j a » !> * ■» 

1 * i i 

! 111 

tl . 

4 i 

0,0 I 

h lilci 

r is 

definite] 

V t 

HU 

? 1 » 

1 CIO 

* *1 

4 ; 

« I * 

-1 *' 

u/ f: 

; a 

*» 

i f -ft 

% pi C! 

HI 

I]i 

f n 

1 t 40 

it r! i 

ill- 

0 | Sl| 

ihe ver 

v h 

by 

v * i 

I 

•llicit 

n i { 

•t $ f 

» $ 

jf, J S 

* * 

1 

iSUU 

IIV . 

tjTH *|i n 

1 

i ) ft 

ll'i 

ti 

% 

Vale 

r ra! 

OS , 

which n 

i III : 

'al 

Iv, i 

i it h f 

i 

■! U 

* 

In 

.U, , 

i- . * * • 

■U| M 

‘vht\ 

t*. and 

n..* 

t. 

its 

4 a 

oir; 

i\ m *y 

a tfS I 

I. * 4 | 

arc low, 

bn 

ii 

nv \ 

valor 

r; 

c 

(* 

H 

» 4 t, i 

tin t • 

■ arils 

0 o 

1! t 

‘4 4. | 

mla 

nl w 

4 f I ! 

*41 4 


it;li ofFioionov 


u , a 


eicrrim* to fin* Rankm»* cwlo, the in-r?‘*u manor « e InoocuMlelos 


is littU* hct U'V ilia?i that u| ordinary *v* a uaeainis ouch; 


? i* p) i 

1 aim; 


I, herewith, taken from test , of 
published in Ptnwr 


-! Aft antrau JiM'Mimihil 


■ » 


•»» a £ i \ *»H| 




i n 1 . 1 1 } 1 4 V\ |! I . 

HU*l flu initially well* and if 

a .similar 


* 


S’ 


t!h*; n ; 


re 


** i 


worth while to do it, could readily In* arrange 
maniu-r lu the* 


immobile. 


r,\m,.K i 


• r V* 


If 

4 

lU 


S nkr 


t'Am 

IVc-.vtt:*' 

V' A 

a a, ft • 

| he ! 

"1 Hr 

«• U 

Ia» r ,;r|.vV 

u.p, 

; bji.i 

»-hr. 

!*• 

if!:, i 

1 Ho, 


r if ■■ 


OO*" 

1 *.? 4 

IM 

s;j | S o#« n 

f* i 

l.i 

yja. ! 

a 

<■.4 

* 

j 

o;? 4 

1 IS 

11 

I is 

;*M0 ;* 

;•*• 


*• i 1 1 

« * - ^ 

! -*% 

' $ 

14:4 7 

11,4 

|H 

a 

;‘i»l 4 



v % 4 ,t 

-•• » »* f * 


fev 

4 4 if | 

I .. 1 1 

I 1 

1,4 

c»s.a 


"tfO 

r f 

■ H '* ? • f 

.•r. t .. < a i. 

17 

; 

.? 

- ■> .f 1 

, .4 4 * i 

CO! 

IH 

*• ! 

an 

. v a 

■». f 

*?• • i 

; M j 

r * 

i 

*' 4 . 44 « 

*■' !# 1 » 

» * 

I i 


.■UM 

■ i 1 * 

•j* i 

»■* - 

# a 

; iin i I 

£ 

11 

V 

•!*'• 4 | 



i 







'' 









Presented at the 31s* Annual Convention of 
the American Institute of Electrical Engineers, 
Detroit, Mich., June 25, 1914. 


Copyright 1914. By A.I.E.E. 


VOLTAGE TESTING OF CABLES 


BY W. I. MIDDLETON AND CHESTER L. DAWES 


Abstract of Paper 

In this country rubber compound, paper, and cambric are 
generally used for cable insulation. From the formula 

S = — -yr , the stress at any point in a homogeneous 
d logio — 

CL 

insulation may be determined. The minimum stress and 
the maximum allowable voltage occur when the conductor is 
10/27 of the sheath diameter. The present irrational practise 
of testing cables should be standardized to conform to this 
formula or a modification of it. 

Over-stressing of the insulation is accompanied by a change 
of insulation resistance and electrostatic capacity. 

No one factor of safety is applicable to every cable system, 
but one must consider the conditions of operation as well. 

In testing the voltage may be applied: (1) by submersion; (2) 
between the conductor and metallic sheath; (3) between wires. 

The submersion test is the most severe. A sine wave is de¬ 
sirable for testing purposes, but rarely occurs in a commercial 
generator under these severe conditions of load. Reactance 
cannot always be used successfully to reduce the volt-ampere 
load on the generator. 

With a distorted wave an a-c. voltmeter gives only a poor 
indication of the maximum voltage. The writers have de¬ 
vised an instrument based on the oscillograph principle, with 
‘ which the maximum voltage may be determined, regardless of 
wave form. 

T HE design of cables is largely dependent on data obtained 
from voltage tests made on commercial lengths. Such tests 
are usually conducted in the testing-room but are frequently 
made after the cable has been installed. The importance of this 
subject has led the writers to present such data as may seem 
either useful or of interest in connection with the design or test¬ 
ing of cables, and further, to enumerate some of the difficulties 
encountered in making such voltage tests, together with the 
methods adopted to eliminate these difficulties. 

Insulating Materials 

In this country, three materials are in general use for the in¬ 
sulation of wires and cables; rubber compound, varnished cam¬ 
bric, and paper, 
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Rubber compound is the oldest, and is the only one that can 
be used under all conditions without the aid of a lead sheath. 
Its composition is more complex than that of the others, involv¬ 
ing pure rubber, certain mineral ingredients, and hydrocarbons. 
The number of such ingredients and the proportion of each that 
'can be used has allowed a great number of compounds to be made 
and has led to considerable discussion as to the value of some of 
these as insulating materials. 

Paper as an insulation for wires and cables is used in two ways: 
wrapped on loosely and kept dry, as in telephone cables, or put 
on tightly and saturated with some good insulating oils or com¬ 
pound. The insulating properties of this class of cable depend 
absolutely on the soundness of the lead sheath. 

Varnished cambric is the most recent material used for cable 
insulation and stands between rubber and paper; it has a number 
of good qualities. Being a cotton fabric coated on both sides 
with several films of insulating varnish, it is almost waterproof, 
and may be submerged in water for a considerable length of time 
without undue deterioration. In the process of manufacture, the 
varnished cloth is applied spirally in the form of tape, a viscous 
insulating compound being simultaneously applied between 


layers. 

Voltage and Stress Formulas 
Theoretically, the stress at any point on a homogeneous 
cylindrical insulation may be determined from the following 


formula: 


5 


0.434 V 


X log 


R 


10 



. where V = volts impressed between conductor and sheath, 
r = radius of the conductor, 

R = radius of the insulation, 

X = distance from the axis to the point in question, 

5 = stress in volts per unit thickness of insulation at this 
point. 

The stress will be a maximum at the surface of the conductor. 
Therefore letting X = r, r = d/2, and R = D/2, the stress at 
the surface of the conductor becomes 


0.434 V _ 0.868 V. 

~ d . D D 

T logl ° ~d d logl ° T 
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This relation is shown in Fig. 2. Under these conditions the 
maximum voltage that we may impress between the conductor 
and the outside, without exceeding the allowable stress, occurs 
when d — D/2.12 . 

This does not mean, however, that-if this maximum voltage 
were impressed upon the cable when d is less than D/2.12 the 
insulation would break down, but rather that the wall of insula¬ 
tion between the diameter D/2.12 and the conductor would be 



Fig. 2—Relation between Test Pressure and Conductor 

Diameter. 

E = K d log D/d. K = 200. D = 544 mils. Stress constant. 

All wires having the same outside diameter whose conductor diameter is equal to or 
less than D/2.72 ( = dc ) should have the same breakdown voltage. 


stressed beyond the allowable limit. The layer nearest the con¬ 
ductor is under the maximum stress, and the stress in any other 
layer is inversely proportional to its distance from the center if 
the electrical characteristics of the insulation remain unchanged. 
Theoretically, then, all cables having d less than D/2.12 should 
break down at the same voltage, hence follow the line ABC, if 
it be assumed that the voltage drop across the over-stressed 
layer is practically zero. 

Although there has been no evidence, so far as the writers 
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know, that these inside layers are actually broken down under 
these conditions, it is a well-known fact that the dielectric con¬ 
stant of an over-stressed dielectric is greater than the normal 
constant before breakdown, and this tends to reduce the voltage 
drop across the inner layers and throw more stress on the outer 
wall. Whether or not this be true, experience indicates that the 
breakdown occurs along the line AB, Fig. 2, and little or nothing 
is gained in making d less than D/2.72. 

The following formula has therefore been adopted as most 


TABLE i 


Values of d log —. D and d. in mils 
d 






Size Wire B. & 

S. 


0 


Wall 

(in) 

No. 14 

No. 12 

No. 10 

No. 8 

No. 6 

No. 4 

No. 1 
Std. 

* 

4/0 Std 

1,000,000 
Cir. Mils 

1/32 

19.1 

20.0 

21.3 

21.9 

22.8 

23.9 

24.8 

25.6 

26.2 

3/64 

25.2 

27.1 

28.9 

30.7 

33.0 

33.7 

36.0 

37.6 

38.8 

2/32 

30.3 

33.0 

36.4 

38.0 

40.5 

42.4 

46.0 

49.4 

51.6 

5/64 

34.5 

38.0 

41.1 

44.2 

47.6 

50.4 

55.5 

59.5 

64.0 

3/32 

38.4 

42.2 

46.3 

50.4 

54.4 

58.0 

64.5 

70.0 

75.5 

7/64 

41.6 

46.0 

50.8 

55.6 

60.0 

65.1 

73.0 

79.6 

87.1 

4/32 

44.6 

49.5 

54.9 

60.4 

65.9 

71.0 

80.7 

89.0 

98.4 

9/64 

47.2 

52.7 

58.6 

64.8 

70,9 

76.9 

88.1 

97.6 

108.9 

5/32 

49.7 

55.5 

62.2 

69.0 

75.6 

' 82.5 

95.5 

107.0 

119.2 

6/32 

54.0 

60.8 

68.3 

76.3 

84.5 

92.5 

108.5 

123.2 

141.1 

7/32 

57.7 

65.3 

73.8 

82.9 

92.2 

102.0 

121.0 

138.9 

161.2 

8/32 

61.0 

69.3 

78.6 

88.8 

99.1 

110.0 

132.0 

153.0 

180.4 

9/32 

64.0 

72.9 

83.0 

94.1 

105.3 

117.3 

141.0 

166.2 

198.8 

10/32 

66.3 

76.2 

87.0 

98.9 

111.3 

124.5 

150.5 

179.3 

217.0 


nearly representing the breakdown stress for small conductors 
with a heavy wall of insulation.* 


where d c = D/2.72. 



0.868 V 


d c log 


10 


D 

dc 



* Potential Stresses in Dielectrics, by H. S. Osborne, Trans. A. I. E. E., 
1910, Vol. XXIX, part 2, p. 1553. 

Discussions, by W. I. Middleton, p. 1587; Henry A. Morss, p.1589; 
Wm. A. Del Mar, p. 1614. 
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MIDDLETON AND DAWES: 

The maximum voltage that may be safely impressed upon a 

cable of a given insulating material is proportional to d log 10 —, 

d 

and to a constant K, depending on the quality of material 
(formula 3). 

D 

Values of d logi 0 are given in Table I, for walls from 1/32 

in. (0.794 mm.) to 10/32 in. (/.94 mm.) thick on various wires* 
from No. 14 B. & S. to 1,000,000-cir. mil cable, and these 
values are plotted m Fig. 3. These tables and curves are very 



Fig. 3—Relation between d log 10 D/d and Wall of Insulation. 

“ d ” AND “ D ” IN MILS 

useful in the application of. the formula to cable testing, for the 
value of K. only needs to be known to determine the allowable 
voltage test or proper diameter. When d is expressed in mils, 
K varies from 100 to 250 for rubber compounds, is about 250 
for cambric, and for paper with thin walls is much less than 250 
but is greater than this for walls exceeding 10/32 in. (7.95 mm.). 

Standardization op Voltage Tests 

Until recently no attempt has been made to standardize volt¬ 
age tests on insulated wire and cables with reference to the theo¬ 
retical stress. The result is a chaotic condition of affairs. A very 




VOLVAOE TESTINO OF CABLES 


common 

rule 

lias bet*n to sff 

er'ifv a !e:. 

■ * i 

f. % * 

pressure 

, the 

fe<'Huy !Hnny 

that tho 

■+ i, ! 

safe! y. 

I Ins 

ru!i‘ n up hi bt* 

S , -ft 

■sitislacO 

*ry 

one size 

and > 

(he same wall 

o? nr,itla* 

ii n 


l : i§* %%,n if y t ii 11 

& i t • * £ * * b I * t I 4 $ 


‘S o U I 


•tor of 


. s ? i 

% I i- #■ 

, 4 .,; 


1.1 .t h.| f*Mt' enejt WofiailC 

, ' f 


ressure. An such is mu flit 8 fas*, f!a *m!y rational way ?»* ? 

|T| 

*s is ftv tin* </ r nil* 4 or a modhieau* *n ut it, 


t mi! 


tf 


( Hioher i, IdlCo the t*nderwrifer-A !mb*H'uforh ■: 1 * u-> ib*4 
that all (Lode wires for \ » >!* aw ■ between It and bOil ■ wnttd be 

test ed aft.at* tan hours hum anion in wahou wbh ! At It t vu! ? • al*er • 
naftm: currant I for in*! lee: than five second a That nenfwa ■ 
ti«»n showed the intluemv evertad mi ihmh * nymeers a* *ha’ 
by the faetnr f*f 2| lime - the w*irkhin pivsMiro. 

A little study of Piy, A together with tlie ei/ws of wires and walls 

*?* the code stteetfieafions 


insulation made* 
absurd this tost wa 
1,000,000 eir. 

4* 


1* 


hi riV 


* 


fcS *i 


* »»* conductors varied from No, 1 i t* 
larger (IMMH to Llob in. or I4td nifii 
in mA nun, in diameter); the wall **f insulation from H fVt in 
Id nun.) to 7 'hi in, di.TH mono i0. Milt to it It!*t in ), }f tin 
turn,) wall of in. nlutiou <m f he Xm. 1 I would -.tan 


VM in. 11 


I 


V( 


it should surely stand mm h more than this of 



i i lie 


. t W* * * 111 >■'! t {l f * I" ? f ! t I " r. •' | $ V | i f •;;: '11,4 J * f i if f 


1,000,000 eir. 

1,000,000 oil*, mil cable to meet *hi mm i-veu wiv the 
insulalion defective or actual !v less than M tVI in. fl ! 


i I to fiiueI 

* I a ecs, whereas the main ob«Yri of t he v* *haue o t i. a* brr'* 1 * 
down anv such faults, 


»i r* 




( h*de s|ieciheaf mus f**r 
remedied till*; defer'? bv e 
at Ua00 volls, but at fie. 


ft if 


vor , bavin m purl, 


pH* 

l ■ O 


w* 


b! I 


♦et 


r-.t of 

f fir Lliift 

Mil ill j 

1 ?! 

aces | 

fa"V : 

1 1 f fl 

' ■ • l ll 1 

I'fold 

fir 

•i ■' r ’ it j ( ; 

Cm <ns 

; of 

st if fir 

of 


h.iiy,esi buyers in I lie ei h.iu! tv is **lav are erjuall v iiir*iit.-asieu! 



* *w !.e?o imu'h van a tit 


s. softie m 


e is- tested at v 


»*-flail tile Vobay' 


Te resit 




* * * 


41 mafrrui 

tr» lynorauee, and some uiav oe 
tent tonal, tv f h*.n r* e i... »*. 

to which it stimuli oe ruiijt-e?.* 

a carelessness in its inariuiaeiun- 

little has thus far been aeco!n|,ile.hrd in the Inn* of the standard!* 

nation of cafile teriinn, when n tm | a ret 1 with o? hri brandies of 

engineering. 

/ ta 




lef:'* fa.iieve 


lial to*i 



! af.lies 


oil aye 




i » 


'rr Hiuflirnfled 


i" 1 l %*?*'<! i 


% .. 


ft .f ■ 


f S11 





1192 


MIDDLETON AND DAWES , 


CO 

M 

ID 

C 

o 

H 

0 

< 

H 

►4 

O 

« S 


o 


JO 

3 


H 

O <4 

a 

H _ 
•4 O 
O 1:0 
> 

Q 

W 

Q 

fc 

W 

S 

s 

o 

u 

w 

rt 


<m 

CO 

s 

oo 


CM 

CO 


CM 

CO 

£ 


<N 

CO 

\ 

»o 


cq 

CO 

\ 


CD 


w ^ 


1 

O fj 
W rt 


o O O O O o o 

<M 

o o o o o o o 

J (D ft 

CO 

O D 0,0 io <o iO 

m H 

j w +j 

<3 W d 

H H o 

\ 

CO 

n h h o d cd n 

lH tH r—< r—i 


rH 

co 

\ 

id 


cm 

CO 

N 

CM 


CO 

CO 


a 

o 

03 

irH 

3 

w 

a 


CtJ 

& 


© o g o © 

o o o o © 

© o o o o 

00 CO* <M* r-T 

IN N N (M N 


o o o o o 

o o o o o 

q o. q. q o 

D CO H o" ffl 

(N N N N h 


oqqoooooo 
ooooooooo 
qqqooqiooo 

O 05 oo* t> 1d co" n' r-T 


ooooooooo 
ooooooooo 
qqqqoqqq© 
O 00 N CO IQ T|? N H* o* 


ooooooooo 

ooooooooo 

qooqooooo 

CD ID* tH* CO* CO* (M* i~H* O* O* 


OOOOOOOOO 
OOOOOOOOO 
o *q o *o q © o 5 5 

r^* CO* CO* <M* (M* rH O* O* 00* 


O O O O O o o 
o o o o o o o 
o o w o o io o 

H O o d D N N 


o o o o o 

o o o o o 

0_ D lO lO o 

00 CO CD 


O O O O 

o o o o 
q o io o 
co cd* id id 


a 


tn 

« 

bo 

c3 

*■—1 

*d 

d 

oj 


a 

.a 

o 

o 

o 

o 

o* 

W5 

W5 


O 

o 
o 
q 
o“ 

lo 
CM 

0 

+» 

T*-< 

•r-» 

a 

• H 

O 

o 

o 

o 


CO CO 

e8 =8 

« ffl . 

CO 

H ^ a a a a 

ffl 

o o O M O N Tfi 
4J H H H 


8 

IQ 




CM 



1914] 


VOLTAGE TESTING OF CABLES 


1193 


the other hand, is the specification as called for by a purchaser for 
the cables listed in Table III. It will be seen that the testing 
pressure recommended is from 1J to 2J times that called for 
by the purchaser. As far as working pressure is concerned, the 
factor of safety demanded by the purchaser in Table IV is, with¬ 
out doubt, sufficient. Yet the tests called for by this table would 
not begin to show up any but the most serious defects in the in¬ 
sulation of the respective cables. 


•The *A. R. E. E. committee on “ Wire and Cable Specifica¬ 
tions ” has taken the most important step thus far in the stand¬ 
ardization of voltage tests for cables, in its recent recommenda¬ 
tions for tests on rubber, cambric and paper insulation. 



Fig. 4— Potential Tests on Con¬ 
ductors, Recommended by A. R. 
E. E. No. 1 to No. 4/0 A. W. G. 


From Fig. 3 it will be noted 
that there is but a relatively 
small difference in the values of 
D 

d logio “r for diameters corre¬ 
sponding to No. 1 and No. 4/0 
B. & S. gage, consequently one 
set of values covering these 
ranges has been recommended, 
and is plotted in Fig. 4. 

Curve I is recommended for 
paper and varnished cambric, 
curve II for rubber, and curve 


I. Paper or varnished cambric. ttt • i i D 

II. Rubber. Ill is the value of K d log 10 -j 

III. 155 d log.io D/d for No. 1 A.W.G. ^ 

when K =155 and d and D 
are given in mils. Up to a 20/64-in. (7.95-mm.) wall the paper 
and cambric are rated at a lower working pressure than the 
rubber, for mechanical reasons, but above this they should test 
even better than the rubber. 


Over-stressing Cables 

Much has been said in the past relative to unduly severe 
testing conditions in that the insulation, initially sound mechani¬ 
cally, becomes stressed beyond the electric elastic limit when 
tested. Although the short duration of the test may not develop 
any faults, the cable is nevertheless permanently injured, hence 
less able to withstand the shocks incidental to service conditions. 
This may be the case, but fortunately the insulation resistance 
*Association of Railway Electrical Engineers. 
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TABLE III 


Recommended Voltage Tests for Low-Voltage Cables. 

INSULATED WITH LOW-TENSION RUBBER COMPOUND VOLTAGE TEST AT FACTORY, FIVE 

*r a cpt »r AFTER INSTALLATION > uU MINUT HS AX OU X 3> R, CLN I 
MiNUTES as PER table; VOLTAGE TEST AFIe.k ^ = 

m TT 17 A. T.T TO. 


Size conductor 

Minimum thickness insula¬ 
tion, inches. 

Test pressure, volts. 

Stranded 

1,000,000 cir. mils 

4/32 

10,000 

750,000 

4/32 

10,000 

500,000 * 

4/32 

0,000 

350,000 

4/32 

9,000 

4/0 A. W. G. 

3/32 

7,000 

2/0 

3/32 

0,500 

I/O 

3/32 

6,500 

2 

3/32 

0,000 

Solid 

4 A. W. G. 

3/32 

5,500 

6 

3/32 

5,500 

8 

3/32 

5,000 

10 

3/32 

4,500 

12 

3/32 

4,000 | 

14 

5/64 

3,500 

14 (3) u conductor 

5/64 

3,500 

i 


TABLE IV 


Voltage Tests as Specified by a Purchaser. 


TESTS ON CABLES INSULATED WITH LOW-TENSION RUBBER COMPOUND. VOLTAGE TEST AT 
FACTORY, FIVE MINUTES AS PER TABLE; VOLTAGE TEST AFTER INSTALLATION, 30 MINUTES 

AT 50 PER CENT OF TABLE VALUE 


) 

■} 


Size 

Strands. 

Stranded 

1,000.000 cir. mils. 

61 

750,000 

61 

500,000 

37 

350,000 * 

37 

4/0 A. W. G. 

19 

2/0 « 

19 

1/0 

19 

2 « 

7 

Solid 


4 A. W G. 

6 * 

5 « 

10 « 

12 « 

14 * 

14 * 

3-Cond. 


Wall. 

Volts work¬ 
ing pressure 

4/32 

1000 

4/32 

u 

4/32 

u 

4/32 

K 

3/32 

U 

3/32 

» 

3/32 

« 

3/32 

« 

3/32 

1000 

3/32 

H 

3/32 

u 

3/32 

u 

3/32 

K 

5/64 

« 

5 / 64 (no belt) 

♦ . * 

M 


Volts test 
pressure 


4000 

4000 

4000 

3000 

3000 

3000 

3000 

3000 


3000 

3000 

3000 

3000 

3000 

2000 

2000 
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comp 

time, 


letelv regained their initial resistance if allowed sufficient 


Tects ,3 , anc i ( 5 ) were first made under the same conditions 
•i nd except in the case of (3), the recovery was much pootci than 
\ n the foraaer cases. They were then subjected to 5000 volts for 
live minutes, with a noticeable reduction in the resistance of (3) 
r tnd a very large and permanent reduction in that of (4) and (o). 
These last two were permanently injured. 

' In tests ( 6 ) to (10) inclusive, there was no marked decrease in 
mice after the 5000-volt test, so they were broken down, 
,paired by patching the faults, tested at 4000 volts for one 
minute, and the insulation resistance measured again, with the 
results shown in the table. Tests (7) and (9) gave even better 




Cat""* 


TABLE VI 

Wires Showing the Results of Stress. 


Microfarads per 1000 ft. 


! Feet 

1 

fi 

Before voltage 
test 

After 5000 volts for 
1 min. 

i 3150 

0 126 

0.130 

2176 

0. 146 

0.150 

2470 

0.130 

0.134 

2925 

0.130 

0.133 

2775 

0.120 

0.124 


results than the initial resistances, due no doubt to patching a 
localized fault. 

L nfortunately, the electrostatic capacity of these cables was not 
measured after every application of voltage, but Table VI shows 


a general way the increase of capacity due to stress in the 
dielectric. For a given stress the change in capacity is much 
smaller than the change in resistance. 

These results show that it is possible to make a rubber com- 

. -I T kh d 6aSily Str£SSed ^ond the electric elastL 
d, and further, that if a compound is so stressed it is possible 

I ?"* 6 msula - ti0 * resistance to determine if the test has 


X- iXL, I UK. 


It is not the intention of-the writers to tell the operating end 

neers; what should be the factor of safety in a cable system fW 

fear has been expressed -now 4 -n ,i ■ lcm * 

expressed now and then, that engineers, knowing 
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that cables will stand these high-voltage tests, will be tempted to 
use them on higher working pressures than they should. In 
this connection it is well to bear in mind that a factor of 2\ 
times the working pressure is not applicable to all conditions. 

(1) In two systems of the same kilowatt capacity the cables on 
that system having the lower voltage should have the greater factor 
of safety. This is because the surge voltage on the lower-voltage 
system will be greater because of the greater current,and the maxi¬ 


mum possible rise in voltage is e — i 



where i is the amperes 


current transient, and L and C the system inductance and capac¬ 
ity, expressed in henrys and farads respectively. 

(2) In two systems having the same voltage , those cables operating 
on the system having the greater kilowatt capacity should have the 
greater factor of safety. The reason for this is’obvious. As has 
been frequently observed, transients that are practically un¬ 
important in a small system become dangerous if allowed to take 
place in a large system. The writers have in mind a case where 
2300-volt distributing cables, when connected to a relatively 
small plant, gave practically no trouble, but later, when this 
smaller system received its energy from a large transmission net¬ 
work, these same cables, though normally operating at the same 
voltage as before, gave so much trouble that they had to be re¬ 
placed by cables better suited to the conditions. 


Method op Testing 

_ voltage test can be applied to wires and cables in several 
different ways; by submerging the cables in water; testing them 
against a metallic covering on the outside such as a lead sheath or 
tin foil, and testing one wire against another when there is more 
than one wire in the cable. The submersion test is the most 
severe, as the water makes very close contact with the outside 
of the cable, regardless of any surface irregularities that may be 
present. The water also has a tendency to penetrate into any 
foreign substance that may be in the insulating material, provided 
this substance has any affinity for water. 

All of these tests may be, and generally are, made on rubber in¬ 
sulated cables. The cambric cables to be braided are generally 
submerged before and after braiding; cambric cables to be lead- 
covered are not submerged, as considerable trouble in drying 
them is experienced, and as they are to be tested after the lead 
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covering has been applied, the submersion test is not necessary. 
Paper cables are not submerged, and all tests are made after 
leading. 

The voltage test, as applied to- cables, is practically the same 
whether it is made submerged, against the lead, or against the 
contiguous wires, the object being to break down any weakness 
that may exist in the insulation. How much pressure, and for 
how long it shall be applied, are questions that have long been 
the subject of much discussion. 

For several reasons, it is necessary to apply the voltage test 
to the finished cable and not to a short sample. (1) It is desir¬ 
able to break down any weak places that may occur in the cable, 
it being quite impossible to avoid entirely such places in manu¬ 
facture ; (2) to satisfy inspectors and purchasers that the cable 
meets specifications as regards dielectric strength; (3) to 
obtain data and information as to the dielectric strength of the 
material; (4) constants obtained in laboratories from tests of 
short lengths are not applicable to commercial lengths and are 
usually misleading. 

Testing Apparatus* 

Recommendations have appeared at different times regarding 
the type of generator and transformer that it is advisable to use 
for testing purposes, and the consensus of opinion seems to be 
that a smooth-core generator with field control, and a variable- 
ratio transformer, are most satisfactory. As will be shown later, 
it is doubtful if the generator of ordinary design can maintain 
its wave form under the severe conditions imposed by cable 
testing. 

Where cables of some length are to be tested, a frequency 
of 25 cycles is preferable to one of 60 cycles, for the necessary 
generator and transformer capacities are practically proportional 
to the frequency, and according to the best information the 
writers can obtain there is no appreciable difference in severity 
of cable tests whether made at 25 or 60 cycles. 

In the following tests, made in the testing laboratory of a wire 
manufacturer, the generator used was a motor-driven 25-kv-a., 
220-volt, four-pole, 25-cycle, single-phase alternator, having 10 
slots per pole, and a conductor belt f the pole pitch. The trans¬ 
former capacity was 50 kv-a., 220-50,000 volts. The secondary 
consisted of four separate 12,500-volt coils, capable of being con- 

*High-Tension Testing of Insulating Materials , A. B. Hendricks, 
Trans. A. I. E. E., 1911, Vol. XXX, part I, page 167. 
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nected either in parallel, in series-parallel, or in series. The high- 
tension winding had a total of 12,512 turns, and the low-tension 
55 turns. The reactance voltage was about 6 per cent. 

Fig. 5 shows the generator voltage on open circuit, and ex¬ 
cept for the tooth harmonics, the e.m.f. wave is practically 
sinusoidal. For testing purposes, this w T ave is perfectly satis¬ 
factory if it could be maintained under all load conditions. In 
Fig. 6 is shown the generator voltage wave taken at 220 volts 
when the transformer is connected, and also the exciting current 
wave of the transformer. 

This transformer exciting current is about 17 per cent of the 
rated load current of the transformer, but is 34 per cent of the 
rated load current of the generator. This is rather high, and 
further, Fig. 6 and other experiments showed that the transform¬ 
er iron was being operated at unusually high saturation. It 
might well be argued that a large transformer magnetizing cur¬ 
rent is desirable, as it tends to offset the leading component of 
cable charging current, but it should be remembered that beyond 
a certain core density the additional exciting current is made up 
almost entirely of harmonics which do not neutralize the funda¬ 
mental. Experience has shown this to be undesirable for other 
reasons. Examination of the current wave in Fig. 6 shows that 
the transformer takes a pronounced third harmonic current, and 
this current reacting on the generator flux tends to start wave 
distortion, producing a third harmonic in the e.m.f. wave as 
shown. If a cable, like most other electrical apparatus, took a 
comparatively small .charging current, most of the following 
difficulties, due to wave distortion, would disappear. 

Figs. 7, 8 and 9 show various voltage waves actually obtained 
under diffeient conditions of test. The voltages on the cables, 
given in connection with all the following oscillograms, are ac¬ 
cording to the ratio of transformation, hence, are not strictly 
correct. In actual practise this voltage is determined directly 
from the high-tension side by means of a potential transformer. 

The reasons for this distortion are obvious. The generator 
may have, inherently, a sine wave voltage, but the transformer 
exciting current has a prominent third harmonic. This current 
and the single-phase pulsating armature reaction produced on the 
flux wave, will usually introduce harmonics in the voltage wave as 
shown in Fig. 6. This wave is communicated to the transformer 
secondary where the cable intensifies it in its charging current, 
and it is reflected back in the generator current, and increased 
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wave distortion results. These reactions are cumulative and 
will continue to increase until counter-reactions set up in the 
magnetic and electric circuits become sufficiently great to balance 
them. Generator saturation, generator and transformer series 
leakage reactance and the phase relations of the harmonics may 
tend to counteract distortion. The value of series reactance may 



Fig. 10 —Diagram of Connections 


be such as to produce resonance for one harmonic and not the 
others. 

The generator may be represented by a coil that is a source 
of voltage and having reactance and resistance; the transformer 
may be replaced by a shunt impedance, of a value equal to the 
open-circuit impedance of the transformer, and by two series 
impedances, one representing the equivalent resistance and leak¬ 



age reactance of the primary side, and the other the impedance 
of the secondary reduced to the primary side; the cable represents 
a condenser referred to the primary side and having a very high 
effective resistance. Fig. 11 shows this condition. 

The shunt impedance b d has a decided effect on the generator 
wave form, in that its current wave, especially at the higher volt¬ 
ages, is mostly made up of harmonics, and these, reacting on the 
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generator flux, are responsible for the initial distortion to which 
reference has been already made. The series circuit abode , 
consisting of the transformer primary and secondary resistances 
and leakage reactances and the condenser, all in series with the 
generator armature, exerts some influence on the generator wave 
form. The magnitude and shape of the generator current wave 
may be dependent on the relation of inductance to capacity in 
this circuit. Therefore, harmonics may be intensified or di¬ 
minished, depending on their frequency, on the transfor¬ 
mer inductance and the cable capacity. These effects are 
illustrated in Figs. 12 to 15 inclusive. 

The oscillogi ams shown in Figs. 12 and 13 were taken when a 
cable having a capacity of 0.1 microfarad was connected to the 
transformer secondary, and those shown in Figs. 14 and 15 were 
taken with another cable having a capacity of 0.13 microfarad, 
connected to the transformer secondary. Two tests were made 
with each cable; one in which all four of the transformer second¬ 
ary coils weie connected in series (50,000-volt) connection, the 
other in which the series-parallel (25,000-volt) connection was 
used. In order to compensate for the change in transformer 
ratio so that the effective voltage on the cable should remain 
approximately unchanged, the generator voltage was practically 
doubled when the change was made from the 50,000-volt to the 
25,000-volt connection. 

Figs. 12 and 14 show the results obtained with the 50,000-volt 
connection, and in each case the e.m.f. wave is very nearly sin¬ 
usoidal, and no appreciable harmonics above the third, appear in 
the current wave. In each of these cases the generator was opera¬ 
ted at low saturation, a condition in which it would be less able 
successfully to oppose severe reactions on the flux wave. The 
natural frequency of the transformer and cable circuit in the case 
of Fig. 12 is 110 cycles, and of Fig. 14, 96.6 cycles. The shunt 
circuit b d, owing to the variable nature of its inductance, would 
be difficult to take into consideration, except in a very general 

way, and was consequently neglected in this frequency deter¬ 
mination. 

In Figs. 13 and 15, the approximate sinusoidal e.m.f. waves 
shown in Figs. 12 and 14 are distorted, containing fair-size fifth 
harmonics, and third harmonics about 50 per cent of the funda¬ 
mental. In each case the current wave is even more distorted 
than the.e.m.f. wave, showing a seventh harmonic, a fifth equal 
in magnitude to the fundamental and a thirdabout twice as 
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o-reat as the fundamental. In these cases, the natural frequency 
&' 1- v 

of the circuit was 215 and 192 cycles respectively. 

Thus in each case, with the same generator, the same trans¬ 
former, the same frequency and the same cable, an approximate 
sine wave is converted into a complex wave by simply changing the 
transformer ratio and the generator voltage. These phenomena 
cannot be explained on the basis of a resonant series circuit, for 
the best wave shapes were obtained when the circuit constants 
were more conducive to the flow of the troublesome third and 
fifth harmonics. However, in these two latter cases the trans¬ 
former exciting current contains harmonics of very appreciable 
magnitude as shown in Fig. 6, and in the writers 7 opinion, these 
harmonics are practically responsible for the results that were 
obtained. 

It might also be added, referring to Fig. 11, that in the circuit 
abed , the resistance is very small, thus offering excellent op¬ 
portunities for oscillations to take place during the transient or 

building-up condition. Great care must be exercised in raising 

« 

and lowering the voltage, as the possibility of building up an 
abnormal potential across the cable is always present, and this 
may result in a puncture. 

Specific illustrations of this have come to the writers’ attention 
on several occasions. When the voltage across a cable was being 
gradually raised, the spark-gap, connected in parallel, would dis¬ 
charge light sparks, momentarily, when the switchboard volt¬ 
meter indicated that the potential across the gap was only half 
that at which the gap was set. If the voltage was held constant 
for an instant, the sparking would discontinue, and the voltage 
could then be raised cautiously without further disturbance. 
The fact that the gap was not ruptured showed that a transient 
rise of voltage occurred, but that there was insufficient energy 
to cause a dynamic arc. 

Use of Reactance 

It occurred to the writers that the generator current might be 
considerably reduced by using a shunt reactance to neutralize 
the leading component of the cable-charging current, thus secur¬ 
ing a better wave form by reducing the ampere load on the genera¬ 
tor. This has been tried abroad* and also by the Edison Electric 
Illuminating Co. of Boston, f 

*Electrotechnischer Zeitschrift, Feb. 27, 1908. 

t“ High-Potential Cable Testing at Boston/’ by C. L. Kasson, Elec¬ 
trical World, Vol. 60, p. 354. 
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We made nine tests, and in every case the same cable was used 
namely 1000 ft. (305 m.) No. 1/0, 7/32 in. (5 56 mm.) wall, rubber 

1 msulation, having a capacity of 0.175 microfarad. Three different 

tests were made at each of three different voltages. At each volt¬ 
age: first,the oscillogram was taken without the reactance; second, 
the reactance was adjusted until the line current was a minimum; 
and third, the reactance was adjusted for the best voltage wave 

form. The results of these tests are shown in Figs. 16 a to 18 c 
inclusive. 

The following conclusions are to be drawn from the above 
tests: 

(1) The point of minimum current does not necessarily corres¬ 
pond to the best wave shape. 

(2) The best wave shape may occur at an abnormally large 
value of lagging current. . 

(3) The wave can not be made sinusoidal in every case. 

(4) At the point of minimum current (usually denoting re¬ 
sonance for a parallel circuit) the power factor is below 50 per 

cent in two cases, and 70 per cent in the third, and the waves 
are not necessarily in phase. 

Further, in Figs. 18 a, 18 b and 18c, when the generator volt¬ 
age was low, there was but slight distortion in the e.m.f. wave, 
which tends to confirm the previous theories as to the effect of the 
transformer exciting current on the e.m.f. wave. 

Thus with a commercial generator and transformer, the e.m.f. 
wave, by the use of reactance, could not always be made sinu¬ 
soidal, and when this was accomplished, it was at the expense 
o greater generator capacity. This is undoubtedly due to the 
fact that a circuit can be tuned to but one frequency at a time, 
and when the third harmonic current was neutralized, the react¬ 
ance allowed a very large fundamental to pass. The power 
actor is explained by the fact that the harmonic currents in 
cable tests predominate in the current wave, whereas the voltage 
is largely fundamental. The harmonics in the current wave 
contribute no power with respect to the fundamental voltage, 
yet ali add up in quadrature, contributing to the volt-amperes. 

These results show that in our particular case, at least, a shunt 
reactance would be of but very little value in improving the gener¬ 
ator wave form, and reducing the volt-ampere load of the genera- 
tor. 

Sine-Wave Generator 

As a result of our tests, the wire manufacturer came to the con- 
c usion that a generator of the ordinary design was wholly un- 
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suited for reliable testing of wires and cables. Moreover, no 
manufacturer would guarantee a generator to produce an approxi¬ 
mate sine wave under these severe conditions of test. The ser- 
vices of Prof. C. A. Adams of Harvard University were secured, 
and under his spedfications such a generator was built and in¬ 
stalled, rated at 85 kv-a. All oscillograph records, taken up 
to the present time and under various conditions of test, have 
failed to show any departure from a sine wave. 

The 50-kv-a. transformer has been replaced by one rated at 
75 kv-a., 75,000 volts, operating at a much lower core-density 
than the former, and taking a much less distorted exciting cur¬ 
rent . Hence the distorting influence of this current on the genera¬ 
tor wave is much less than it was in the case of the 50-kv-a. 
transformer. 

Method of Measuring Voltage 

It is essential to obtain reliable knowledge of the maximum 
v< >ltage to which the cable may be stressed under the preceding 
Conditions of distorted wave form, if the tests are to be of any 
great value. Where the wave varies from a peaked to a flat- 
topped wave, the effective value is only a poor indication of what 
the maximum voltage may be. The circuit conditions aie a 
function of so many variables that only a wide experience wit 
his apparatus enables an operator to know what wave form may 
be expected under any given set of conditions. 

The spark gap immediately suggests itself, as a means of 
determining these peak values. Although the needle gap is 
not conceded to be a device of high accuracy, it is accurate 
enough for the work in hand. There are objections to its use, 
however. The voltage can only be determined by connecting the 
gap in parallel with the cable to be tested, and noting the trans¬ 
former primary voltage when the gap breaks down at the prede- 
t ermined value at which it is set. This is a very dangerous practise, 
as a disturbance is created in the highly oscillatory circuit already 
described, and cables have often bepn known to puncture at a 
voltage apparently much less than their rating, and after the gap 
had actually broken down. The spark gap can therefore be 
used only with considerable care, and the danger of a surge is 
always present. Furthermore, it is not a piece of apparatus that 
en.silv or quickly manipulated, and is wholly unsuited for a 
testing room where a large number of tests must be completed 


i.tx <i slfioirt time. 

The oscillograph in its ordinary form 


is a very satisfactory 
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piece of apparatus for experimental work, but it requires consider¬ 
able attention, is clumsy to handle, requires skill to manipulate, 
and it does not hold its calibration for any considerable time. 

Prof. F. A. Laws of the Massachusetts Institute of Technology, 
and the writers, have, however, adapted the oscillograph principle 
to an instrument which may be placed directly on the switch¬ 
board, and from which the peak value of any voltage wave may be 
quickly and accurately determined. A sectional view of this 
instrument is shown in Fig. 19, and is almost self-explanatory. 

The lamp, having a straight tungsten filament, is mounted so 
that its distance from the vibrator may be adjusted to suit the 
optical requirements of the system. The light then passes through 



Fig. 19—Sectional View of Simplex Vibrating Voltmeter 


suitable spherical lenses to the vibrator, from which it is reflected 
through a cylindrical lens to the ground glass screen, where 
the peak of the voltage wave may be determined from the ex¬ 
tremity of the band of light. 

The necessary vertical and horizontal adjustment of the beam 
of light can be made from the front of the switchboard by means 
of two milled heads which actuate the two adjusting rods. To. 
compensate for changes in the amplitude of vibration due to 
variations of temperature and other causes, an adjustable 
rheostat is connected in series with the vibrator, and by throwing 
the vibrator circuit on direct current, with a double-throw switch, 
the calibration can be quickly and accurately made. A double 
scale is also provided. The magnets are operated at high satura- 
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tion, so that fluctuations in exciting current affect the instrumen 
but slightly. The instrument as used, is connected to the sec¬ 
ondary of a potential transformer, whose primary is connected 
directly to the high-tension circuit. Other views of the instru¬ 
ment are shown in Figs. 20 and 21. _ 

To the manufacturer the importance of this type of ms ^y u i ' 
ment is evident. He is aware of the maximum stress at which 
his cables are bbing tested at all times, regardless of generator . 
and transformer wave-form. No additional factor of safety is 
necessary in the cable due to uncertainty on this point. ur ^ er 
more, purchasers and inspectors can be quickly and convinc¬ 
ingly shown that their cables are being tested at the specified 
voltage, without employing a troublesome oscillograph or a 
spark-gap, and without exposing the cable to the dangers accom- 

panying the use of this latter device. 

This instrument is not only useful for cable-testing, but can 
be employed to advantage where apparatus other than cables 
must undergo potential tests. The e.m.f. waves of all testing- 
generators are not sinusoidal, even at light loads, and t eir 

wave-form may change with the field excitation. 

ihien the e.m.f. is taken directly from a commercial circui 
supplying other loads, this voltage wave may vary with the load 
and the number of generators on the system, as well as throug 
the compensators and other control devices employed. 

This voltmeter is also capable of indicating slow-period tran¬ 
sients which the ordinary type of meter, owing to its inertia, can¬ 
not follow. Instances of this have come to the writers’ attention 
in the cases already cited, when the voltage was being raised on 
a cable In a certain power system, it was found necessary to 
change the lightning arresters from 2300 to 3300 volts owing 
to the fact that continual discharges were taking place due to a 
considerable length of submarine cable having been added to the 
system. Whether this was due to a change in wave-form or to 
surges, the writers are not prepared to say, but such an instru¬ 
ment would have quickly given the required information. 

In closing the writers wish to express their thanks to Prof. 
F. A. Laws, of the Massachusetts Institute of Technology, for 
his part in the development of this instrument; to Mr. W. G. 
Wolfe, of Boston, for his assistance in developing the optical 
system; to Professors C. A. Adams, H. E. Clifford, and A; E. 
Kennelly of Harvard University, for their helpful suggestions 
g,nd criticisms during the preparation of this paper. 
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Discussion on “ Voltage Testing of Cables’! (Middleton 
and Dawes), Detroit, Mich., June 25, 1914. 

W. A. Del Mar: The factor of safety of an insulated wire 
or cable, being the ratio of the breakdown voltage to the normal 
operating voltage, cannot be determined experimentally without 
testing the insulation to destruction. It can, therefore, never 
be definitely known in practise, although susceptible of approxi¬ 
mate predetermination in the absence of faults, by calculation 
based upon tests. If, however, we define the factor of assurance* 
of an insulated wire or cable as the ratio of the test voltage to 
the normal operating voltage, we can provide an experimental 
basis for the comparison of voltage tests. Thus, if a cable for 
operation at 11,000 volts is tested at 25,000 volts, we have a 
factor of assurance of 2.27. If the breakdown voltage is 75,000 
volts, the factor of safety is 6.82, and the ratio between the 
safety factor and the factor of assurance is 3.0. 

Two principles are now contending for recognition in the 
standardization of voltage tests. One is that insulated wires 
and cables should be tested to give a fixed factor of assurance, 
and the other that they should be tested to as high a voltage 
as they will stand without injury to any part of the insulation 
which may be free from defects. The latter principle is equiva¬ 
lent to a fixed and small ratio between the factor of safety and 
the factor of assurance. 

Mr. Middleton recommends the latter principle, and I believe 
that he is right for the following reason: If a defect exists in 
the insulation of a wire or cable it may not be revealed by a 
test voltage two or three times the working voltage, but may 
cause a breakdown in service after the cable has been subjected 
to the strains of installation and operation. Hence a test which 
provides an apparently ample factor of assurance may not be 
sufficiently severe to assure the greatest reliability of operation. 
If, on the other hand, the breakdown voltage is calculated from 
the known dielectric strength of the insulation, a test voltage 
can also be calculated which will eliminate defects without in¬ 
juring those parts of the insulation which are free from defects. 

At high voltages, these two principles lead to the same results, 
as the thickness of insulation is usually proportioned to give a 
reasonable factor of assurance. 

Working on the principle outlined above, the Wire and Cable 
Committee of the Association of Railway Electrical Engineers 
arrived at the following test voltages, which are somewhat 
lower than those given by Mr. Middleton. These test voltages 
are given in Tables I and II and Fig. 1, herewith. The dif¬ 
ference may be partly due to the fact that most of the manu¬ 
facturers have testing generators with less perfect characteristics 
than the one described in the paper under discussion. 

^Proposed by Mr. F. J. White and incorporated in Standardization 
Rules of A. I. E. E., 1914. 
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The voltages in Table I were calculated, by a formula similar 
to Mr. Middleton’s except that the effective thickness of insula- 
tion was assumed to be slightly less than the nominal thickness, 
due to irregularities in manufacture and installation. An 
e xam ple of the former type of irregularity is the eccentricity of 
the insulation with respect to the wire, and of the latter, the 
reduction of insulation thickness on the outside of bends. 


TABLE I. 

Test Voltages, Kilovolts 
Five-Minute Tests 

30 per cent Hevea Rubber Compound-Use 100 per cent of following voltages. Varnished 
Cloth-—‘Use 75 per cent of following voltages. Impregnated Paper—Use 75 per cent of 

following voltages. 


Size of 
Conductors. 


18 A. W. G. 

16 

14 

12 

10 

8 

6 

4 

2 

1 

0 

00 

000 

0000 

250,000 cir. mils 
500,000 
750,000 
1,000,000 
1,250,000 
1,500,000 
1,750,000 
2 , 000,000 


Thickness of Insulation, 

64th Inch. 


2 

3 

4 

5 

6 

7 

8 

10 

1.0 

2.5 

4.5 

5.5 

6.5 

7.5 

8.5 

10.5 

1.0 

2.5 

4.5 

5.5 

6.5 

7.5 

8.5 

10.5 


2.5 

5.0 

6.0 

7.0 

8.0 

9.0 

11.0 


2.5 

5.0 

6.0 

7.5 

8.5 

9.5 

11.5 


3.0 

5.0 

6.5 

8.0 

8.5 

10.0 

12.0 


3.0 

5.0 

7.0 

8.0 

9.5 

11.0 

13.0 


5.0 

6.5 

8.5 

10.0 

11.5 

14.0 



4.5 

6.5 

8.5 

10.0 

11.5 

14.5 



4.0 

6.0 

8.0 

10.0 

12.0 

15.0 



4.0 

6.0 

8.0 

10.0 

12.0 

15.5 




5.5 

8.0 

10.0 

12.0 

15.5 




5.0 

7.5 

9.5 

11.5 

15.5 




5.0 

7.5 

9.5 

11.5 

15.5 




4.5 

7.0 

9.0 

11.5 

15.5 




4.0 

6.5 

9.0 

11.0 

15.5 




2.5 

5.0 

7.5 

10.0 

14.5 






6.5 

9.0 

14.0 






5.5 

8.0 

13.0 







7.5 

12.5 







7.0 

12.0 







6.5 

11.5 







5.0 

10.5 


the same thickness of insulation.) 


TABLE II. 

Test Voltages, Kilovolts 





Thickness of Insulation, 64ths Inch. 



12 

14 ' 

16 

18 

20 

22 

24 

26 

28 

6-5 A. w. g. 

Rubber-'. 

16 

18 

20 

22 

23 

25 

26 

28 

29 


V. C. or Paper. 

15 

.17 

19 

21 

23 

26 

28 

30 

31 

4-2 A. w. g. 

Rubber. 

17 

19 

22 

24 

25 

26 

28 

29 

30 

V. C. or Paper. 

15 

17 

20 

23 

25 

28 

30 

32 

34 

1-0000 A. w. g. 

Rubber. 

18 

21 

23 

25 

27 

28 

30 

31 

32 

V. C. or Paper. 

16 

19 

22 

24 

27 

30 

32 

34 

36 

250,000 cir. mils 

Rubber. 

19 

22 

24 

26 

28 

30 

31 

33 

34 

and larger. 

1 

V. C. or Paper. 

17 

20 

23 

25 

28 

31 

33 

36 

38 
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While the logarithmic formula is useful in calculating the test 
voltage for a given size of conductor and thickness of insulation, 
it is dangerous for calculating the thickness of insulation for a 
given working voltage, as mechanical considerations generally 
dictate the use of more insulation at low voltages than is indi¬ 
cated by considerations of dielectric stresses. The requirements 
of the National Electrical Code for wire insulated for 0 to 600 
volts represent the results of experience as to the minimum thick¬ 
ness of insulation which has been found necessary in practise. 
The thickness should seldom be less than required by the Code 
and should sometimes be more, regardless of voltage. 

It should be noted that the formulas given in this paper do 
not take into account the difference. in dielectric stress due to 
the size of strands in the cable. This has been treated by Prof. 
Levi-Civita in a paper by E. Jona in the Transactions of the 
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International Electrical Congress, 1904. It would be interesting 
to hear whether Mr. Middleton’s experiments agree with Prof. 
Levi-Civita’s calculations. 

I regard the paper by Messrs. Middleton and Dawes as one 
of the most important that has ever appeared on this important 
subject and believe that it will exert a strong influence in the 
rational standardization of voltage tests of wires and cables. 

C. O. Mailloux: On the second page the authors speak of 
paper as an insulation for wires and cables. There is a third 
method of making high-tension cables, which consists in wrap¬ 
ping the conductor with a previously prepared paper. The 
paper, which is first treated with an insulating compound, is 
wrapped into rolls; and then the conductor strand from which 
the cable is to be made is wrapped around with this treated 
paper to the proper thickness, after which the cable covering 
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is.placed on the whole. The cable is then submitted at once 
to the proper test. The process is shorter and simpler, and less 
expensive than the' other processes of preparing the cables with 
dry paper, subjecting them to a vacuum, and then treating them 
with compound. There is an English firm which makes high- 
tension cables according to that process. I understand they 
have given satisfactory results, though I am not informed as 
to the comparative results. It would seem that if the method 
lends itself to the preparation of insulated cables for high ten¬ 
sions, and if such cables can withstand high tensions, the process 
would have some advantages: One could make sure more easily 
that every portion of the insulating material would be properly 
treated with the compound, and also that all of the defective 
parts of the insulating paper were eliminated or removed. On 
the other hand, there is the difficulty resulting from the possi¬ 
bility of entrained moisture at the time of laying the insulating 
paper around the conductor. It would seem' very difficult, in 
an ordinary atmosphere, to keep out dust and also moisture, 
so that, as the insulated paper is wrapped around the conductor, 
one might easily understand that there would be air bubbles, 
particles of dust, and particles of moisture imprisoned in the 
cable, whereby the quality and the durability of the insulation 
would be impaired. 

Henry G. Stott: I was about to call attention to the point 
that Mr. Del Mar brought up in his discussion, which is that 
it may be open to inference from the statement here that if 
there is a large diameter, it would be feasible to reduce the 
thickness of the insulation. I do not think the authors desire 
to convey that idea, but it may be drawn, as an inference from 
this paper that it could be done. From a purely electrical 
standpoint it could, but from a mechanical standpoint we must 
have heavier insulation with a large conductor than with a small 
conductor. That should be emphasized, as some might take 
advantage of the curve to say that they could reduce the insula¬ 
tion on 500,000-cir. mil cable, but if they did so, they would 
get into trouble later on. 

On page 1193, at the bottom of the page, is a paragraph on 
over-stressing cables. That is a point we have heard a great 
deal about in the last fifteen or twenty years. We have had 
in use now several hundred miles of cable over 15 years. These 
are all high-tension cables, and they are put under tests at 
2.5 times working potential once a year. There is not the 
slightest sign of deterioration in the cable, after fifteen years 
•use. In fact, some of these cables were originally designed for 
use on 6600 volts, and are now being used on 11,000 volts, and 
in spite of this we have had this 2.5 times pressure test on mem 
once every year, and many of them have had it as many as eigh 
or ten times a year, due to cable changes, etc. Each time the 
cable is cut for any purpose, it receives the breakdown test, and 
once a year on general principles it receives a breakdown test. 
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We should prefer to have the cable br.eak down on test, rather 
than in practical operation. While theoretically there may 
be some result of over-stressing of cables, yet practically, based 
on fifteen years’ experience, with many hundreds of miles of 
cables, we have not yet found that to be so. 

E. E. F. Creighton: I should like to ask Mr. Middleton 
something of the theories—he said there were many—to explain 
why a short piece of cable will stand so much more potential 
than a longer piece. 

Charles L. Fortescue: I want to call attention to the very 
common mistake in attributing the third harmonic distortion 
of the transformer to the hysteresis. The distortion in the 
transformer is directly due to the cyclic variation in permeance, 
a small.part of which is caused by hysteresis. Hysteresis pro¬ 
duces no distortion. 

In connection with the proposed method of measuring maxi¬ 
mum voltage of high potential, Mr. Chubb and I at last year’s 
mid-winter convention described a method of measuring the 
maximum value of the wave on the high-tension side, using a 
condenser. The average value of the charging current of the 
condenser across which high voltage is impressed is directly 
proportional to the product of the maximum voltage and the 
frequency of the impressed wave. This is a very simple way of 
measuring the maximum value, and it is quite reliable. I do 
not think a method of measuring the maximum value of the 
wave which requires a voltage transformer is reliable. The 
fact that a sine wave generator is used does not prevent third- 
harmonic distortion in the step-down transformer itself, which, 
due to its distributed capacity and inductance, may be quite 
large. 

The third-harmonic distortion due to the step-up transformer 
will also be enhanced when transformed by the step-down 
transformer, so that as a means of measuring the maximum 
of the secondary voltage of the step-up transformer the pro¬ 
posed method will not lead to correct values. It is better to 
measure the maximum value directly by the method we have 
described or else by some modification, such as that described 
by Dr. Whitehead in his paper presented yesterday (The Electric 
Strength of A ir — V ). 

Some question has been raised as to why long cables break 
down on test more easily than short cables. I think this is 
due to the combined effect of the distributed capacity and self- 
induction of the cable. When the voltage is supplied to the end 
of the cable, which is usually coiled on a spool, the actual aver¬ 
age voltage in the cable, in the case of a long cable, is much 
higher than the voltage at the end, due to the effect of distrib¬ 
uted capacity and inductance. It may, in long cables, be 
15 or 20 per cent higher at the end of the cable than at the point 
where the voltage is applied. I think this may possibly be 
the reason why a long cable breaks down more easily than a 
short cable. 



1212 VOLTAGE TESTS OF CABLES [June 25 

Percy H. Thomas: I will ask Mr. Middleton a question. 
He has discussed the effect of the third and other harmonics 
on the maximum voltage which may be impressed on a cable. 
It occurs to me that there is another effect of the high frequency 
which may possibly be important, and that is its heating effect. 
The insulation of an underground cable is stressed severely. 
The alternating electric stress causes a certain amount of heat¬ 
ing within the material. That heating at 60 cycles, we will 
say, is almost negligible. At 180 cycles, or 200 or 300 cycles, 
that heating may be very important. A third harmonic, or 
fifth harmonic, so located with regard to the fundamental as 
to reduce the voltage peak, might develop heat enough within 
the dielectric, especially at any peak point, to raise the tem¬ 
perature to the puncturing point. I would like to know if any¬ 
thing has been done along that line of investigation. 

The other question is about the puzzling fact that a long cable 
apparently breaks down at a lower voltage than a short cable. 

I would like to see two tests made, one with an outfit such as 
described by Mr. Middleton, comparing a long length with a 
short length cable, and a second test comparing a long length 
with a short length of cable, made according to Mr. Stott’s gener¬ 
ator method. Tested by the former method, you might find a 
marked difference between the voltage of failure in the short 
and long length of cable. Tested by the large generator, on 
the other hand, you might find there was not so much difference. 
This matter of the distortion of the wave by the large charging 
current of the long cable with the possible introduction or 
magnification of the high-frequency harmonics, may mean that 
there is produced a high-frequency effect in the test of the long 
cable, which does not exist with the short cable. 

J. R. Craighead: In respect to obtaining a voltage supply, 
a generator which gives a sine wave is the most satisfactory, 
provided it will maintain the sine wave under testing conditions, 
but as the author states, those generators are rather rare, espec¬ 
ially when loaded on a capacity load of pretty near their limit. 

There is an alternative way which consists in using any 
ordinary line potential of a normal commercial wave form, and 
with a sufficient power, so that the capacity effect on the line 
wave is absolutely negligible. If this is taken through a trans¬ 
forming outfit of considerable reactance, it is not difficult to 
obtain a wave which more closely approaches a sine than the 
line wave itself. This was tried out to some extent in the high- 
potential testing of large turbine generators, obtaining by the 
oscillograph the wave forms on the high- and low-tension sides 
of the step-up transformer, and also the line, wave, back of the 
regulating apparatus. For most large capacities it is not very 
difficult to get the correct amount of reactance so that the 
wave form across the machine under test is satisfactory. 

In regard to the voltmeter described, the use of the oscillo¬ 
graph for this purpose was described and the suggestion of an 
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elementary oscillograph-voltmeter was made in a paper by Mr. 
L. T. Robinson and Mr. J. D. Ball presented two years ago at 
the Boston convention, entitled Permeability Measurements 
with Alternating Current. (Trans. A.I.E.E., 1912, Vol. XXXI, 
p. 1609). 

W. I. Middleton: The point brought up by Mr. Stott and 
Mr. Del Mar is very well taken. We should possibly have 
mentioned the fact that we could not depart from the Under¬ 
writers’ specification. We realize that, the heavy conductor 
does require a thicker wall of insulation for mechanical purposes, 
and that we did not mention this specifically, was an oversight 
on our part. 

In regard to the long and short lengths of cable, and the 
difference in their ability to withstand voltage strain and test, 
I too am looking for information. We had an interesting paper 
in New York last winter on the testing of cambric insulation 
with different size electrodes, and I must say that Mr. Farmer’s 
experience with electrodes bears out my experience with the long 
and short lengths of cable.. Further, some time ago there was 
a paper written, I think by Mr. Moody, on some corona tests, 
and it was then found that, with a short length of bare wire, 
corona started at a much higher voltage than it did with a long 
length. So apparently the same phenomenon occurs here as 
in other insulating materials, which, to my belief, breaks down 
the law of probability. 

Mr. Thomas spoke about the long and short lengths of cable 
and also mentioned the effect of heating. We have tried to be 
very careful about this matter of heating, and so have recom¬ 
mended short period testing. Many tests require only one 
minute. We usually ask for five-minute tests, as we believe 
that this eliminates the question of heat. Then, again, these 
cables are generally submerged in water when they are under 
test, and the question of heating, under those circumstances, 
I believe, is almost entirely eliminated. 

When a long time test is attempted a multitude of different 
factors are encountered, and the effect of ozone generated at 
the ends of the cable, which attacks the rubber insulation, gives 
rise to a lot of theories regarding the piling up of voltage on 
the ends of the cable, etc. We have tried to eliminate these 
factors in our regular practise, realizing that we are obliged to 
make many tests in the course of the day, and all of this work is 
carried out on commercial lengths of cable, as they pass through 
the test room of the factory. 

Chester L. Dawes: In regard to Mr. Stott’s remark as to 
the application of this formula to the calculation of the wall 
of the insulation, mechanical as well as electrical considerations 
must necessarily be taken into account. When the cable is 
once designed, the wall being of the proper thickness to take 
care of the mechanical and electrical stresses to which it will 
be subjected in service, the test voltage should be determined 
by this formula or one that is its equivalent, in order to be cer- 
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tain of breaking down any defects which may exist in the insula- 
on. 

As to Mr. Fortescue’s remarks, I agree with him that the third 
harmonic is also due to changing permeability, but hysteresis 
necessarily represents changing permeability. If the iron 
could operate without hysteresis, the third harmonic might yet 

be present, of course. . 

The method which he suggests for measuring the peak voltage 
I admit is correct, but it must be remembered that a device to 
be used in the test room should be direct-reading and capable 
of being used and used rapidly by a testing room employee. 

'Referring to the distortion of the voltage wave through the 
potential transformer, we took one oscillogram on the primary 
of the step-up transformer, and another one on the secondary 
of the potential transformer, thus stepping-up and steppmg- 
down, and we could discern no difference in the oscillograms. 



We had a very distorted wave under these conditions. Fre¬ 
quently we have looked into the oscillograph, without taking 
records, and have never been able to discover any difference 
between the wave form on the primary and that taken from the 

potential transformer secondary. 

To have the voltage pile up in a long length of cable, induct¬ 
ance must be present. When the cable is installed, the induct¬ 
ance is very small, and, therefore, the probability of the volt¬ 
age piling up is very slight. _ . , 

In regard to Mr. Craighead’s suggestion as to obtaining a 
sine wave with reactance, I assume that he means connecting 
the reactance in series with the transformer primary. _ This 
method could not be used in the test room, because it is too 
unstable a combination; and the operator would not readily 
understand how to adjust for a sine wave under each set of 
conditions. Further, resonance difficulties would be experi¬ 
enced, that is, the circuit might become sharply tuned, and a 
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high voltage might suddenly pile up on the cable. As I have 
just stated, it is necessary to have a method of measuring the 
peak voltage which -the ordinary switchboard operator can 
understand and easily manipulate. 

As to the voltmeter, I may add that a general idea of the 
wave form is obtained by observing the band of light. For in¬ 
stance, with a wave of the type shown in Fig. 2 (many of this 
type are shown in the oscillograms) the light on the scale will 
have the general appearance shown in Fig. 3. The light at 
the points corresponding to the lower peak and to the depression 
will be more intense than it is at other parts of the scale. In 
the same way, a flat-topped wave shows a much more.intense 
light at the end of the scale than a peaked wave does. Similarly 
the tooth ripples are readily discerned. 




Presented at the 315/ Annual Convention of 
the American Institute of Electrical Engineers , 
Detroit, Mich., June 26, 1914, under the aus¬ 
pices of the Electrochemical Committee. 


Copyright 1914. By A.I.E.E. 


STERILIZATION OF WATER BY ULTRA-VIOLET RAYS 
* OF THE MERCURY-VAPOR QUARTZ LAMP 


BY M. von RECKLINGHAUSEN 


Abstract of Paper 

Mercury-vapor quartz lamps are applied industrially for the 
production of ultra-violet rays for the sterilization of water. 

To obtain ultra-violet rays economically it is important to 
study the temperature of the luminous part of the lamp. 

There are different ways for measuring the ultra-violet power, 
based on physical, chemical or bacteriological reactions. Such 
reactions are compared between them. 

The paper refers to the historical development of mercury 
lamp water sterilizers and the development of pistol lamps for 
large sterilizing units. 

Different germs are of different sensitivity to ultra-violet light. 

It is important that the water should be clear when entering 
the sterilizer. 

Description is given of two typical installations, one in Europe, 
one in America. 

Data are given on the power consumption for the sterilization 
of water by ultra-violet rays. 


W ITHIN the last five years a new field for the application of 
electricity has been created in Europe based upon the elec¬ 
trical production of ultra-violet light for the sterilization of water 
and for other purposes. As this new industry is now being in¬ 
troduced into this country, it is of interest at this time to analyze 
its basis and principles. 

The experimental and development work in this field has been 
done mainly in France, and prominently identified with it are 
the names of Courmont, Nogier, Henri, Helbronner, von Reck¬ 
linghausen, Vallet and others. This paper deals particularly 
with the work done by the writer in collaboration with Messrs. 
Henri and Helbronner at the Physiological Laboratory of the 
Sorbonne University. 

The Source of Ultra-Violet Light 

The only industrially-applied source of ultra-violet light is 
the mercury-vapor quartz lamp. The spectrum is known by its 
bright lines m the visible part and by a large number of typical 
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lines in the ultra-violet part, as shown in Fig. 1, which is drawn 
to proportional scale. 

When starting this work we soon found that we had to go pretty 
fully into the question of the measure of the ultra-violet power 
of the different light sources at our disposal, so as to give the 
mercury quartz lamps the electrical characteristics which made 
them most useful for the creation of ultra-violet light. It is a well- 
known fact that the skin takes a less ghastly hue under the 
quartz mercury lamp than under the ordinary mercury-vapor 
lamp. Spectroscopic examination shows that this is due to 
a considerable increase of the intensity of the red lines in the spec¬ 
trum of the quartz lamp. This phenomenon was examined 
somewhat more closely, with the following results: 

An ordinary 110-volt lamp was taken, which normally operates 
at 3.5 amperes and 80 volts; it was operated at different wattages, 
obtaining thereby, naturally, different temperatures of the 
mercury arc. A spectro-photometric analysis was made of the 
five principal colors, composing the visible light of these lamps. 
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Assuming the intensity of each color at the lowest wattage as 
unity, we note that increasing the wattage of the lamp tends 
to increase the red more than the other colors, as is shown in the 
curve, Fig. 2. It might therefore be expected that the increase 
of the ultra-violet rays with increasing temperature of the 
lamp, would be somewhat like the increase at the violet end of 
the spectrum, that is to say, proportionately less than at the 
red end. As will be seen from what follows, this is not the case. 
There is obtained, on the contrary, a considerably greater in¬ 
crease in ultra-violet than in violet rays with increasing tem¬ 
perature of the lamp. 

Quantitative Measurement of Ultra-Violet Light 

The candle power standard for ordinary light is not a physical 
standard but a physiological one, being the effect on the eye of 
the sum of the visible wave lengths emitted by a defined source 
of light, produced by a defined fuel, burning in a defined way. 

The eye not being sensible to ultra-violet, we only consider 
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the total visible energy sent out by this standard lamp. From 
the start it is therefore clear that if we want to define a standard 
of ultra-violet light we must do one of two things, namely: 
either define the standard in energy units (and wave lengths) 
or imitate our method of defining that standard of ordinary light 
and define our standard ultra-violet as the unit of effect produced 
by the ultra-violet rays. However, it is likely that the sums of 
such effects may be identical if one kind of an effect is chosen 
and may not be identical if another type of an effect is chosen. 

The only true way of defining the power of the rays is by the 
analysis of the spectrum, and the determination of the energy 
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Fig. 2 

sent out by each wave length. This method, however, is ex¬ 
tremely inconvenient and, after all, does not give us what we 
want in practise. 

It is therefore better to choose as a unit, some value of the 
particular effect which concerns the work in hand. If we want 
to follow chemical reaction under the ultra-violet light we 
choose arbitrarily as a unit one in which the desired reaction takes 
place in a defined way after a unit period of exposure to all the 
rays of the lamp. We may therefore say that for every type of 
reaction under the ultra-violet light we have to define a new 
unit of actinic power. 
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The different ways of examining the power of the ultra-violet 
spectrum are the following: 

(1) Analysis of the distribution of energy in the spectrum. 
The way to measure this is to measure the amount of heat de¬ 
veloped by a certain wave length, the measurements being made 
by means of a bolometer or thermoelectric couple. 

Fig. 3 shows the distribution of energy in the spectrum of 
the mercury lamp as worked out by Ladenburg. Fabry has 
used different filters or screens to separate out different wave 
lengths. He finds that a 110-volt lamp burning at 27 volts, 
3.5 amperes, sends out energy of which the distribution is as 



Fig. 3 * 

follows: 93.7 per cent in the infra-red; 3.6 per cent in the visible 
spectrum; 2.2 per cent in the ultra-violet spectrum from 0.366/x 
to 0.313ju; 0.5 per cent in the ultra-violet from 0.313/1 down to 
0.253/1. As to absolute values, Fabry found that at one meter 
distance from the lamp, one square centimeter received 125 
ergs per second of visible light and 76 ergs per second of ultra¬ 
violet light down to 0.253/t. 

(2) Ultra-violet light falling on a condenser will ionize the air 
and this will be followed by a discharge of the condenser. This 
method could probably be used for analyzing the power of differ¬ 
ent wave lengths'or for establishing an arbitrary standard of 
ionization by ultra-violet light. 
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(3) Many chemical reactions are produced to a greater 
extent by ultra-violet light than by visible light. The so-called 
Eder reaction of precipitation of calomel, which goes on very 
much faster under ultra-violet light than under visible light, 
is an example. The dissociation of gaseous hydrochloric acid 
and particularly the dissociation of silver salts may also be 
mentioned. The typical reaction of this latter kind is the 
blackening of photographic paper; this, for certain types of paper, 
occurs four times as quickly under a naked quartz lamp as it 
does under the same lamp with glass interposed, showing thereby 
that the ultra-violet part of the spectrum has a very much 
stronger effect than the visible part. The photographic plate 
allows us to compare the strength of individual lines of equal 
wave lengths but coming from different sources, by comparing 
the times of exposure necessary to obtain equally strong pictures 
of such lines. 

(4) Bactericidal or abiotic action. The first real spectrum 
analysis of this kind we owe to Ward, who threw the spectrum 
of a quartz lamp on an infected agar plate. The parts of the 
plate which were exposed to the violet end of the spectrum would 
not show any growth of colonies, while the parts which were 
exposed to the red end of the spectrum would develop growth. 

With the above-cited chemical reactions it is fairly easy to 
create a unit; for instance, precipitation of a unit quantity of 
calomel at the unit distance in the unit time. If, however, we 
choose a unit of bactericidal reaction, we find that cultures of 
microbes vary so much with age and other conditions that it 
is impossible to get sufficiently constant results upon which 
to base a unit reaction. If we wish, therefore, to use abiotic 
reaction as a unit we must first determine the sensibility of our 
reactive material, that is, the germ culture on hand, by exposing 
samples of it to the light of a lamp which is otherwise standard¬ 
ized. This means creating a laboratory-standard lamp which is 
so operated that it will always produce the same amount of 
ultra-violet rays. 

The abiotic reaction which we chose as most convenient to 
handle was the measure of the exposure necessary to kill para- 
mecias, these being similar to water bacteria and fairly easy to cul¬ 
tivate and to observe directly under the microscope, as they have 
a very violent motion when living and, naturally, no motion when 
dead. The method of procedure is to take a drop of such 
culture, expose it at a definite distance under the lamp, count 
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the seconds necessary to make them motionless, and compare 

the figures thus obtained with figures obtained under the stand¬ 
ard lamp. 

As the photographic paper method is infinitely more simple to 
handle, it was considered advisable to see whether it would not 



VOLTS 
Fig. 4 

correspond closely enough with the abiotic reaction to be a use¬ 
ful check upon the abiotic power of the quartz lamp. Fig. 4 
shows the observations made simultaneously by the two meth¬ 
ods, using a lamp operating at various voltages. Analyzing the 
results obtained by methods 1, 3, and 4 with lamps operating 



Fig. 5 


at different temperatures (see Fig. 4), we may conclude that 
the relative increase in ultra-violet rays with increase in lamp 

voltage is considerably stronger than the increase for the green 
and blue rays. 

Having found that we get more ultra-violet rays from a lamp 
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the hotter it is operated, we naturally had to take care not to 
overdo this and run the lamps at such a temperature that they 
would suffer thereby in their emission of light, particularly ultra¬ 
violet light. It is a well-known fact to everybody who has 
handled quartz lamps that at a certain temperature they will 
become almost entirely opaque to light, due to a kind of devitri¬ 
fication of the quartz which gives it the aspect of opaque glass. 
The maximum temperatures permissible so as to avoid this con¬ 
dition for the illuminating lamps had previously been determined. 
Some of our experiments for ultra-violet power were made with 
illuminating lamps which were operated at a somewhat lower 
wattage than usual. Fig. 5 shows the variation in abiotic action 

of such lamps, with time. The 
change, if any, was not very con¬ 
siderable. 

On the other hand, Fig. 5 shows 
that lamps run hotter than il¬ 
luminating lamps would lose con¬ 
siderably in their abiotic power 
with time. They evidently ap¬ 
proach the limit at which com¬ 
plete opacity of the tube occurs. 
The problem is evidently ex¬ 
actly the same as for any type of incandescent lamp. We have 
to determine the working characteristics of the lamps to obtain 
the optimum of ultra-violet-time efficiency. It is probable that 
the electric characteristic of lamps for such work has to be 
chosen so as to obtain a somewhat lower temperature in the 
luminous part than lamps for illuminating purposes usually have. 

Sterilizing Apparatus 

The most efficient way for the mercury lamp to react upon 
water seems to be, a priori, to submerge the lamp entirely in the 
water which is to be sterilized, as proposed in 1906 by De Mare 
(Fig. 6), and tried in many experiments by Courmont and 
Nogier (Fig. 7). Direct contact, however, of the water with 
the heated lamp influences the luminous and ultra-violet effi¬ 
ciency of the quartz lamp to an enormous degree, as may be seen 
from Fig. 8. It seems to be certain, therefore, that it is better, 
if one wants to plunge the light source into the water, to protect 
the lamp from direct contact with the water, and this system has 
been adopted with modern apparatus. This protection against 
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direct contact can be secured by fusing over the lamp a wide 
quartz jacket which prevents contact of the light-giving portion 
of the lamp with the water, as shown in Fig. 9. 

Difficulties, however, arose in the manufacture of such jacketed 





M 


Fig. 7 

lamps and it was found advisable to construct the apparatus in 
such a way that the lamp was removable from the protective 
jacket, as shown with the so-called pistol lamps, Fig. 10, allowing, 
nevertheless, all the light to enter the water (Fig. 11). Another 
method is to let the water circulate in such a way around the lamp 



that it would not come into contact with it, receiving neverthe¬ 
less practically all the rays emitted by the lamp, as shown in 
Figs. 12 and 13. 

Where it is more a question of convenience and less a question 
of efficiency the simplest method is evidently to place the lamp 
above the water but as close as possible to its surface. (Fig. 14.) 
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Figs. 15 and 16 show such arrangements which have been used 
on a large scale. Unfortunately, reflectors placed above such 
lamps have a low efficiency in reflection of ultra-violet rays. It 



Fig. 9 


may therefore be said that with such apparatus hardly half the 
rays of the lamp will enter into the water. 

Contact of the Rays with the Germs 

Different germs have different sensibilities to the ultra-violet 
rays, as may be seen from Fig. 17, which indicates the relative 
exposures necessary to annihilate different germs under the 



Fig. 10 


same illumination. The ones of greatest interest to us are 
the water bacteria, and we find that they are killed in as 
short a time as 1/20 second, at a distance one to two centimeters 
from the powerful ultra-violet ray lamps. Water bejing practi¬ 
cally as transparent as air to the ultra-violet rays, we are therefore 
certain that if a germ floats in the water it will be annihilated by 
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also, it is best to pass the water through several illuminated zones, 
which can easily be done by leading the water several times 
towards the same source of light (Fig. 15), or by passing it suc¬ 
cessively under several sources of light, as shown in Figs. 11 
and 16. 

Typical Installations 

The largest unit ever built (Fig. 18) was setup about two years 
ago in the city of Luneville, France, to sterilize the city water 
supply. It consists of a flume into the sides of which ten 
500-volt pistol lamp equipments are inserted. These equip¬ 
ments consist of metal boxes for the starting of the lamps (the 
latest types of them contain also the rheostats). The boxes 
aie equipped on the inside with a stuffing box arrangement hold¬ 
ing the quartz protective tube which protrudes into the water 



(see Fig. 11b). The lamps are lit in the starting boxes and 
then their luminous parts are inserted into the protective tubes, 
so that the light emitted from the lamp enters the water. 

The raw water fed into this plant comes from the Meurthe river 
and contains sometimes as high as 60,000 germs per cu. cm. It 
is clarified by a series of roughing filters and one filter. After this it 
is physically in fairly good condition, being very poor in sus¬ 
pended matter, but having from time to timp fairly deep 
color (up to 45 U. S. standard) in solution. The germ con¬ 
tents are sometimes as high as 1000 per cu. cm. in this water. 
It is then passed through the sterilizing unit described above, com¬ 
ing under the influence of the light from one to two minutes al¬ 
together, according to the number of lamps running. This num¬ 
ber (sometimes only 4) depends on the physical condition of the 
water, which is easily observed. The bacteriological tests of 
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the water when leaving the sterilizer rarely show more than 10 
germs per cu. cm. and are often zero. Bacterium coli is always 
eliminated. Not only are the bacteriological tests satisfactory; 
the health of the community has improved considerably. Ty¬ 
phoid used to cause from 70 to 160 deaths annually; it is now 
practically eliminated, there being no cases at all this year. 

Another typical installation was made in New York lately for 
the purification of the water of a swimming pool, which is 
naturally exposed to continuous pollution from the bathers. 
The water in this case is circulated continually through a filter 
to take out suspended matter and then it passes through the 
ultra-violet ray sterilizer. This apparatus is similar to the 
Luneville unit except for its size, as it contains only two 220- 



Fig. 18 


volt pistol lamps. It is rated at 175,000 gallons capacity per 
day. Tests at the outlet of the sterilizer show only a few germs, 
and tests of the water going to the purifying apparatus 
have improved from 6000 germs per cu. cm. to about 350 germs 
per cu. cm. since the introduction of the ultra-violet ray ap¬ 
paratus. 


Consumption of Electric Energy 

The smallest lamp used in the above apparatus operates at 110 
volts with two amperes. The largest made so far is for 500 
volts, 2.5 amperes. The largest apparatus built contains ten 
of the last-mentioned lamps. The power consumption in such a 
case, with a very large safety coefficient for the sterilization, 
is between 50 and 130 kw-hr. per million gallons of water. 
This amount of power is evidently not very great but it will 
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always do something to smooth out the load curve of a power 
station, as, in most cases, such apparatus will be operated con¬ 
tinuously. Many installations of this kind have been made 
in Europe for both small and large water-works, and they are 
operating very successfully. Their simplicity and rapidity of 
action are highly satisfactory. 
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is likely to impart an odor and possibly a taste to the water, 
which is objectionable, and from the esthetic point of view, 
if from no other, the ultra-violet ray would be far more satisfactory 
than the hypochlorite of lime, but, from the commercial point 
of view, one must compete with the other, to a certain extent; 
and it would be very interesting from the water-works man’s 
point of view, at least, to get some definite figures as to the 
actual cost per million gallons of water sterilized by means of 
the ultra-violet rays. 

I believe that almost any city would be willing to spend a 
little more money in the cost of operating a plant to sterilize 
the water by means of ultra-violet rays than it would to sterilize 
the water by means of hypochlorite of lime, or any other chemical 
agent, but if the diffierence is too great, it is always going to be 
a question which system will be adopted. Here in Detroit 
the question will come up for consideration very soon. The mat¬ 
ter of filtration has been discussed more or less during the last 
few years, and I assume that one of the problems which will 
devolve upon me to settle is whether we are compelled to put in 
a filtration plant or not. If we could substitute a system of 
the kind described, in place of the filtration plant, it would be a 
great advantage to the city and probably result in considerable 
economy. If the filtering plant is necessary in the first instance, 
it might be a question whether a sufficiently high degree of 
purity could not be obtained by filtering alone, without resorting 
to ultra-violet rays at all, although it is an admitted fact that no 
filtering gives absolutely pure water. On a percentage basis, 
we can show beautiful results, and on a practical basis we show 
good results. The average mechanical filter, assuming aluminum 
sulphate or sulphate of iron is the coagulating medium, will in 
almost every instance give a reduction of from 99 to 99.9 per cent, 
which is almost as near absolute purity as you are likely to get 
under ordinary conditions. The chart referred to here, showing 
the reduction in typhoid fever cases, is an interesting one, and one 
along the same line was shown by us. I would like to ask 
whether during the preceding years, 1908 to 1912, filtration alone 
was in use in that city, or whether they used raw water—in 
other words, when the filter plant was first started, in distinction 
to the time when the ultra-violet ray system was started. 

If Dr. von Recklinghausen can give any figures as to cost, I 
am sure they will be very interesting to everybody concerned in 
the subject of water supply. 

William B. Jackson: I wish to ask whether the sterilization 
by the ultra-violet ray does not come into direct competition 
with the sterilization by ozone, the same as it does with steriliza¬ 
tion by chemicals; and if so, whether Dr. von Recklinghausen 
can give us any idea as to the relative cost of sterilization under 
the two conditions of operation. I would also be interested to 
learn whether there is any definite understanding of the physio- 
legical effect of the ultra-violet rays upon the germs, that is, 
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whether the germs are supposed to be killed by heat or poison, 
dr what the effect may be. 

M. von Recklinghausen: Regarding the variation of the 
power of light, I can state that the law of the square of the dis¬ 
tance holds about true, although some absorption of light in 
the air has to be added, also correction has to be made for the 
line shape of the lamp. 

To the interesting remarks of Mr. Leisen, who is one of the 
foremost water experts in this country, I would like to reply 
as follows: If turbidity consists of particles which are bigger 
than a microbe, it might shield the microbe. If turbidity parti¬ 
cles are smaller than the microbe—for example, as in the case of 
the Mississippi water—I do not think they will shield it. I 
think that such very fine turbidity will act like a color in solution, 
that is to say as an absorbent, and reduce the abiotic action, at 
a certain distance, to a certain degree, which can be determined 
very closely. In my experience, very fine so-called colloidal clay 
in water acts just like color in water. We have worked with 
such turbidities up to twenty parts per million, and have had 
about as good sterilization in that case as in working with low 
turbidities. 

This was worked out in a very small plant, so I am unfortu¬ 
nately unable to indicate the amount of power which. this 
amount of turbidity would need on a large scale. If turbidity 
consists of coarse suspended matter, I believe it will depend 
on the size and character of this suspended matter whether it 
will handicap sterilization or not. It will surely shield some 
microbes, but it is most likely that these microbes, due to the 
stirring action of the sterilizer, will at some other moment not 
be shielded when passing through the illuminated zone, and will 
therefore be killed: 

Let us take another case, of very heavy particles—suppose 
we take the effluent from a sewer; it is most likely that visible 
particles flowing in the sewer water will themselves be full of 
microbes and heavily infected inside. I think it is out of the 
question that the rays will strike, during a few seconds’ exposure, 
the microbes hidden in the inside of such particles, and I think, 
that, a priori , heavy floating particles handicap sterilization if 
those particles are themselves polluted and contain germs. 
The light must be able to strike the microbe at its first, second or 
third, etc., passage through the illuminated zone.. If that mi¬ 
crobe is hidden every time it passes through the light it is not 
killed. 

I understand that here in Detroit the turbidity of the water 
which is taken from Lake St. Clair right near Belle Isle is usually 
pretty good and does not show turbidity much higher than 
10 most of the year. I understand that, however, during certain 
storms, the silt at the bottom of Lake St. Clair, which is pretty 
shallow, is stirred up and the turbidity is very high—I am not 
sure of the figures, but understand it is 250 parts per million— 



1234: 


STERILIZATION of water 


Ijune 26 

could not bedfrectly treated^ith toX X ain that snch water 
would penetrate only a few nfillim, ^ tra ' vi ° let rays, because they 
surely be held up byeitheXfXu and after th at they would 

XfilfV ^nkiifea ZlTeDetfolt^ ° f ?T particles 

to filter the water at least dV-tof* seems to be necessary 
but possibly during ten 0r e lev en ?°X? ° f the W 

Now, as to the Question nf .? nee d not be done, 

partly in reply to Mr. LeisenXXX° n T and this wil1 be 
hypochlorite of lime is used to dXf X’ also ~ 1 know tha t 
it will always be a little cheaper tnX ^ Wa ! ter ’ and I think 
of lime and stir it up with water a barrel of hypochlorite 

water. I have no dSubt about thaTlX ^ mto the drinking 
in the case of a waterworks olant X- b f y , 0U must consider that 

expert y fo1l Ca31110t d0 thk u nlesXouXve y a a ch lall T aterWOrks 
expert, following- the ^ w\ nave a chemist, or some 

the water right along very carefulIX 011 ° f theSe chem icals to 
water a bad taste orLn/+' u y ’ so as to avoid eivhm tho 
will And the applicati^o^tlms^dis' 0 ^ t0 + * 1 ^Thaf yt 
high if you include the amount nf^ 1 ff- Ctant ? wil1 c °me pretty 
follow such applications Besidfs ^ t gent labor nece ssary to 
lection on the part of the public d toVr haVe , t0 , Consi . der tbe ob ' 
cals m its drinking water ke use °f obnoxious chemi- 

J-n reply to Mr T 

S e the Per X i0n gallons ' It wm dimd g on d to g the - CO f 0f treat - 

of the water. The waters which tX the onglnal condition 
modern mechanical filters are of suchX ^ coming from the 
that is to say, there is such a derid Jtou ldeal Physical purity, 
and color, as I have never seen in wat se . nc c of suspended matter 

that C °a n ito ti0 \° f P e Water is a s pXrt XjXf “ the phyS ’ 

tnat although, of course, I could not « t t 1 am Persuaded 
it would be hardly necessary to 7 1 e ° uld guarantee it— 
million gallons to do the work and if m ° re 50 ^w-hr. per 
1 ? 1 ? gallons, as I stated in the nanpr y °f USe hw-hr. per mil- 
which I think it is desirable andevZto* bave a . sat " et y coefficient 
giemc work. I do not know what a kiloXfX™ 5 to bave in hy- 

X C t rt one cent > then 30 cents SXfir' h ° UI ii Can be made for - 
ably be sufficient. There is ainnX m lkongakons would prob- 

that the lamps have to be renewed 1° b - con sidered— 

if this wifi C o me to more than fust thXrrX t0 tlme - 1 doubt 

the totai cost would be about 60 cents nX m™' 80 , tliat 1 think 

m the case of chemicals, with all thX+ u^X 11 gaUons - Now, 

tof r S + t - may be a Httle less but as M^r^ su P endsi °n, etc., , 
think it is a question merely of dollaXh LeiSen said > 1 d ° not 

u gl 7j lng decent water to the nuhliV 1 j d cen t s > but a question 
should run a few cents higher T d A X X* * the total cost 
would hesitate to do somethina’torto not t bink a modern city 
deliver always decent water. g & h& Wdfare of the people and 
. ^ have not yet been ab 1 a fn i 

m connection with one of thesf moder^^ 11 ? this countl T 

mese modem mechanical filters, which 



lit 14 1 


DISCUSSION A T 


I.) *» r 

* 4*1* 


—, according to my laboratory tests, such ideal and perfect 
eondiii<.ms. 11 mav be, theref* >rt\ t hat t lie f knifes of t 
I give are somewhat exaggerated. 

!* ranee, 
at nuriiicati 


teg: 


g the typhoid records in Ltmevilie 


p t o 


HU 1 they used 

soring 

water, w 

they started, to hi 

ter t lie 

Mi sir the 

water to it, usin 

g nraet 

ieally PH 

and there was some falli 

ng off in 1 

you see from t he 

Ml.' 

ehu I’t , 

dale to tin 

at tin* rate <»f seve 

n rnillii 

■»n gallons 


I * ■* * •*• * » v v. ■ * 

(Ln In 1 U 1 »> 


.& It# 


JUT cent Of I hi* nver 

f h n t 


inert' 


cases at 

I f ,• | ! i in i".,' 


H*, US 

Wafer, 


he tact that the tvnhoid eases have gone down b * 

ne 1 I * J ' 

zero, si i tee sterilkufh m was applied, 1 think is dm* in the fuel 
that sterilization duet; nut lei anvmli jla*indicator of *.vrms of 


test'inal diseases, get through at all. I know t 
tist.ies Imve to extend over ten years to be re; 
you have In get Satisfies from many places. I ; 


ayy.ii- 1 tie si a- 

so: 


, an* 

4 * 


tun f 


dry is ton young to give ten years* tests, an*I I ran only give 


eery is . 

*se which I have at my disposal, 

I have another ease of a small j bint which 1 showed you on 


* scree 


i % * * 

f. 


* v.r 

*■ *t 


results were old 
tround that count rv, which is a st 


! VI ill 


IS 


i ot KoUeli 


$ 

' ? ram*e. All round they used the same kind of water, and tln-re 

# * 

was a good deal of typhoid in that dialnet. Sinn the sterilizing 
plant has been put in there has nut been a eao* of typhoid for 
years as the statement, whieh I have from the Health 
h* of the t< - wn, sla>ws, 

iNow we rulin' to the question of compel if ion from another 
souree ozone. Ozone has not been used much in this country, 
t has been used to a eertain extent in Kuropc to act as a sPi “' 


\ t 


UP 


h* as. s.o'3 


» 


i m 

the 

cjnestion of 

whet la 

qu< 

•st ion ■ - Do you \ 

»r» H'lnc* 

else 

* .r 
# 

It is known ■ 

tlia.t a 

whi 

icli ■ 

is sul»jcet,erl 1 

to t!ie i 


i t ’ % 1 1 - v# ■», | 


I I think difficult ies are encountered* not so much 

ozone sterilizes or not 
ozone i a* do you produce s* 

. of humidity i 


4« 


i* 

■ f , 




;* mat or, will produce something eda 
a,n ozone, namely, nitron:; acid, whieh is not a sterilizing agen 


*• 


uid therefore the r< 


! i e 

I I K * 


ot Hit* plants whieh an 


art 


aive rat Her t \isri n iragu jg f r< 
view. Ioann the economy 


baeteri* logical 


*• <■. 

. 4 * s* rvuee 
nut oj 


o iMroiat m 

***■ # **ioi 

it«a 




* i *i 


of view, I would only reIV r to 
* set, of tests, which won ina.de by the Aquet 
Genoa, for about six months, lids trial plan!, 
a thousand tons of water per day, and the water was 
alternately by ultra-violet rays, and by an ozone pi am,, i m 
current consumption was practically the saute with the ultra- 
violet rays plant, and the ozone plant, but in the latter east 
only so Jar as the ozonator was concerned, not eon 
of moving the water to the ozonator and 


; life COST. 

he Croat, of forcing 
altogether, I 


the ozonized air through the wafer, Ta 
think the power used is less with the ultra-vioii 
vase mentioned, the report says that the ultra-violet raw-' — 


%*&* 

i f, * 1 1 * 




run ov a 


*■'* girq wi 


e ozone plant needs 


i* * 


I! 11 g * 11 




1236 STERILIZATION OF WATER [June 26 

William B. Jackson: ' What is the relative first cost of the 
plants ? 

M. von Recklinghausen: I cannot tell you the relative 
cost of the plants, as I do not know the cost of the ozone plant. 

I know in this case—I suppose they are all different—the original 
cost was 2.5 times as much, but I do not know whether that would 
account for all costs. I do not want to give that figure as the 
real figure. What is needed is the machine necessary for 
ozonizing, the high-frequency alternator, high-frequency trans¬ 
former, and then the maintenance of the dielectrics, which 
blow out from time to time, etc. 

William B. Jackson: Does the ozone work better on muddy 
water? 

M. von Recklinghausen: There is one.thing strange about 
practically all sterilizing agents, and that is that they all must 
be used only on practically clear water. In the case of ultra¬ 
violet rays, there is the physical necessity of having the rays 
strike the microbes. In the case of any chemical sterilization 
like ozone or hypochlorite of lime, you need much more of the 
chemical, in the case of the water being muddy, than when the 
water is clear. I think that is because some of the sterilizing— 
that is, the oxidizing—agent is used up by the organic mud, and 
you need much more ozone, etc., to penetrate into the organic 
matter than if such floating matter or even organic matter in 
solution is absent. 

The last question asked was: what the real effect is. Like 
many biological things, we do not know. If you expose water 
for a long time to ultra-violet rays, you might get a slight amount 
of peroxidation therein. This so-formed disinfectant could not, 
however, account for the sterilizing action of the rays, owing to 
the short period of time that the rays act on the germs.. The 
amount of hydrogen peroxide generated by the light shining on 
the water is perhaps one millionth of what would be needed to 
produce enough peroxidation to act as a sterilizing agent. If 
we submit a germ to the ultra-violet light and look at it under 
the microscope, after having exposed it for a long time, we find 
its plasma coagulated, therefore many.will say that the action 
is coagulation of the plasma. After just enough exposure to 
ultra-violet light, however, the germs appear to be identical 
with living ones, except that their motility has gone. I think 
the exposure necessary, for instance, under the pistol lamp, to 
kill the bacteria, is one-twentieth of a second. I doubt whether 
you can make a complete chemical change in that microbe 
during that short time. 

Alfred Herz: Is the microbe permanently killed, or only 
stunned? 

M. von Recklinghausen: Permanently killed. 

Alfred Herz: Any record of that? 

M. von Recklinghausen: I need only mention the many 
tests made in Europe on plants for getting sterile water for 
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surgical work. They want water which has no microbes, and 
they make a very strict test, which consists in taking 100, 200 
or 300 cu. cm. of the sterile water and mixing it with sterile 
broth. They put these samples under the most favorable tem¬ 
perature conditions for the microbes to develop. After several 
weeks, if the microbe contained in that broth has not developed, 
they come to the conclusion that it is dead, and. such results 
have been obtained over and again with water which had been 
freed of its often very rich content of germs by short exposure 
to the ultra-violet rays. 

A. E. Walden (communicated after adjournment): For nearly 
seven years the writer has been experimenting with ozone gas 
for sterilizing water, and for a shorter period with the ultra¬ 
violet ray, and noting the interest in the paper on the ultra¬ 
violet ray, as evidenced by the published discussion, believes 
that further information would be of value. 

The sterilizer we are operating in Baltimore has a capacity 
of four million gallons daily, and has been operating more or 
less satisfactorily for several years. We also procured in 
Europe an ultra-violet ray sterilizer for experimental purposes, 
it being the first, in our belief, to be used for this purpose in 
this country. 

Now, it should be stated that both the ultra-violet ray and 
ozone apparatus have distinct fields, but that ozone will do work 
that ultra-violet rays cannot do, with the knowledge we have 
of both today. The ultra-violet ray has no action on algae, 
or amorphous matter, or color, while ozone has, although both 
reduce bacteria. Again, ozone will purify water without pre¬ 
vious filtration, while the ultra-violet ray, to be most effective, 
must have a water low in turbidity. 

Ozone sterilizing apparatus, including roughing filter (for use 
during times of high turbidity), can be constructed for $6,000 
to $7,000 per million, in 5 million gallon units or over, and the 
total operating cost will be approximately $2.50 per million gal¬ 
lons, or under, allowing for local conditions. 

A question was asked by Mr. William B. Jackson as to the 
relative merits of ozone and ultra-violet ray on muddy water 
(high turbidity), and it may be said that ozone is far and away 
superior to the ultra-violet ray under this condition in so far as 
we have knowledge today, and that with the ultra-violet ray with 
a water having a turbidity greater than 10 the manufacturers 
will not guarantee results. However, our experience with this 
system _ shows that the rays will satisfactorily penetrate 
turbidities of 20. 

The cost of the lamps is excessive, and they are very fragile 
and easily affected by handling. 

To get back to European results by either method, I want to 
state that they cannot be applied to conditions in this country, 
neither are they correct as we require them. 

I submit herewith a short table of results at our plant, which 
we can and expect to improve on in ou ; r proposed new plant. 
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Table of Ozone Results 

STERILIZING THREE MILLION GALLONS DAILY 

Bacteria removed.73 to 99 per cent. 

At the same time removing as follows: 

Algae Amorphous Matter Color 


Maximum. 79% 80% 15 to 45% 

Minimum. 9% 11% 

Average. 40% 50% 


Requiring from 60 to 90 kw-hr., or 2 to 5 kw. per million. 


TABLE I—RESULTS OBTAINED FROM OZONIZERS AT HERRING RUN UNDER 

XXXUXJ __AT TT'\TT'T'C'\ 


B. Coli 
presumptive 
test 

Color 

(parts per million) 

Turbidity 
(parts per million) 

Raw 

Ozon¬ 

ized 

Raw 

Ozon¬ 

ized 

% Re¬ 
mo val 

Raw 

Ozon¬ 

ized 

% Re¬ 
moval 

*4/4 

0/24 

65 

30 

53.8 

40 

40 

0.0 

4/4 

0/24 

25 

18 

28.0 

12 

12 

0.0 

1/4 

0/24 

25 

20 

20.0 

18 

18 

0.0 

4/4 

2/24 

25 

16 

36.0 

18 

18 

0.0 

0/4 

0/4 

28 

18 

31.7 

20 

20 

0.0 

1/4 

0/4 

24 

21 

16.3 

8 

8 

0.0 


Bacteria per cu. cm. 


Raw 


4300 

1800 

2080 

1810 

2300 

146 


Ozon¬ 

ized 


31 

53 

25 

31 

79 

18 


% Re¬ 
moval 


99.2 

97.0 

98.7 

98.7 

96.6 

87.6 


*4/4 “ 4 positive presumptive tests out of 4 one-cu. cm. samples tested. 


TABLE l—{Continued) 


RESULTS OBTAINED FROM OZONIZING WATER, NOVEMBER, 1909. 



Bacteria per 
cu. cm. 

B. Coli 

Color 

Turbidity 

Alkalinity 

Date 

Raw 

Ozon- 

Raw 

Ozon- 

Raw 

i 

Ozon- 

Raw 

Ozon- 

Raw 

Ozon- 



Ized 


ized 


ized 


ized 


ized 

" 

Nov. 3 

3200 

12 

4/4 

0/8 

20 

. 14 

18 

18 

25 

25 

“ 4 

2700 

6 

2/4 

0/8 

22 

15 

20 

18 

26 

26 

« 5 

1960 

6 

2/4 

0/8 

25 

17 

20 

20 

26 

26 

« 12 

1300 

12 

4/4 

0/4 

24 

14 

18 

18 

25 

25 

“ 12 

1300 

18 


0/4 

24 

14 

18 

18 

25 

25 

* 12 

1410 

15 


0/4 

24 

15 

18 

18 

25 

25 

“ 12 

1390 

16 



24 

14 

18 

16 

25 

25 

* 13 

1920 

54 

3/4 

1/4 

23 

17 

20 

20 

25 

25 
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TABLE l—(Continued) 

RESULTS OBTAINED FROM OZONIZING WATER, NOVEMBER AND 

DECEMBER, 1909. 



Bacteria 

B. Coll ■ 

Color 

Turbidity 

Date 

Raw 

Ozonized 

Raw 

Ozonized 

Raw 

Ozonized 

Raw 

Ozonized 

Nov. 24 

5100 

*810 

- .... 

4/4 

3/4 

25 

20 

25 

25 

K 26 

2520 

*650 

2/4 

2/4 

22 

18 

20 

20 

* 27 

1800 

*740 

4/4 

1/4 

22 

17 

23 

23 

“ 29 

2420 

9 

1/4 

0/8 

20 

8 

18 

18 

Dec. 2 

3680 

6 

4/4 

0/4 

18 

10 

18 

14 

* 3 

1420 

13 





14 

14 

* 4 

1100 

4 

1/4 

0/4 

18 

10 

16 

16 

- 7 

1240 

6 

1/4 

0/4 

21 

15 

15 

12 


*The results on Nov. 24th, 26th and 27th show the effect of ozone on water containing 
a great amount of organic matter. During these days a piece of straw braid was suspended 
in the mixing chamber of the ozonizer. The braid was removed on the 29th, with the im¬ 
proved bacterial results indicated. 


TABLE II—RESULTS FROM 3000-GALLON OZONE APPARATUS 

(DOMESTIC STERILIZER). 


Bacteria per 
cu. cm. 

B. Coli 


Color 

Turbidity 


Oxygen 

required 

Raw 

Ozon¬ 

ized 

% Re¬ 
moved 

Raw 

Ozon¬ 

ized 

Raw 

Ozon¬ 

ized 

% Re¬ 
moved 

Raw 

Ozon¬ 

ized 

% Re¬ 
moved 

Raw 

Ozon¬ 

ized 

% Re¬ 
moved 

2460 

26 

98.95 

present 

not 

found 

22 

5 

77.28 

20 

20 

00.0 

1.55 

0.60 

61.30 

2800 

i 

99.58 

a 

a 

30 

15 

50 

40 

40 

00.0 

1.40 

0.85 

39.19 

1100 

5 

99.55 

a 

a 

17 

0 

100 

15 

15 

00.0 

1.15 

0.55 

52.18 

1270 

6 

99.53 

a 

« 

35 

15 

57.15 

15 

15 

00.0 

1.47 

0.85 

42.18 


0 

100 

u 

(t 

12 

0 

100 

17 

17 

00.0 

1.15 

■ ' 

39.13 

59000 

680 

98.85 

a 

a 

65 

40 

38.46 

400 

400 


3.75 


17.34 
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TABLE III—RESULTS FROM 3000-GALLON ULTRA-VIOLET RAY APPARATUS 



Bacteria 

per cu. cm. 

<0 $ 
ff a 

CD CJ 

> n 

CD 

B. Coli. 

Parts per million 

Volts 

Amperes 


1 

Sterilized 


Raw 

Sterilized 

Turbidity 

Color 

Raw 

1 

2 

3 

4 

Average 

Tests 

made 

Tests 

positive 

Tests 

made 

Tests 

positive 

Raw 

Sterilized 

Raw 

r d 

<u 

N 

* r-4 

• rH 

Vh 

GQ 

450 

2 

0 

0 

2 

1.0 

99.78 

4 

0 

16 

0 

20 

20 

22 

22 

80 

4 

5S0 

7 

4 

6 


5.6 

99.04 

4 

1 

16 

0 

14 

14 

16 

16 

80 

4 

1390 

5 

2 

0 

4 

2.7 

99.81 

4 

2 

16 

0 

15 

15 

14 

14 

80 

4 

310 

S 

4 

2 

0 

3.5 

98.78 

4 

3 

16 

0 

12 

12 

10 

10 

80 

4 

490 

4 

6 

6 

2 

4.5 

99.09 

4 

2 

16 

0 

18 

18 

12 

12 

SO 

4 

210 


0 

, 4 

2 

1.5 

99.29 

4 

0 

16 

0 

20 

20 

12 

12 

80 

4 

600 


0 

0 

1 

0.2 

99.97 

4 

1 

16 

0 

16 

16 

10 

10 

80 

4 

720 

4 

2 

0 

3 

2.7 


4 

2 

16 

0 

15 

15 

8 

8 

80 

4 


Rise in temperature on the case of the sterilizer directly above the lamp. 

Time 

Start 

5 min. 

10 min. 

15 min. 

20 min. 

25 min. 

30 min. 

35 min. 

60 min. 

Degrees 

Fahrenheit 

80 

94 

142 

180 

194 

206 

208 

210 

210 


Regarding the ultra-violet ray lamp, the quartz tubes give 
good results at first but in a short time become defective, due 
either to failure of seal or to a film of oxide on the tube inside. 

In European practise the current consumption with filters 
and an effluent of low turbidity is from 36 to 140 kw-hr/ per million 
gallons, the filters passing from 90 to 120 millions per acre per 
day. Water that has a turbidity of 45 parts per million cannot 
be sterilized satisfactorily. The maximum depth of water which 
has been sterilized is about three feet, and if this is reduced to one 
foot the approximate time might be said to be reduced in propor¬ 
tion to the effect of light rays; in other words, if the lamps sterilize 
at a depth of one foot at the rate of one second, when the dis¬ 
tance is doubled, or at a depth of two feet, the time of required 
exposure will be about four seconds, but may vary 5 to 10 
per cent. 

The time of exposure runs usually from 50 seconds to 1| 
minutes, but where the effluent is very low in color and turbidity, 
as from mechanical filters using sulphate of alumina, a period 
as short as 10 seconds will answer for effective sterilization, 
but is not to be recommended for safety under operating con¬ 
ditions. 

The life of the lamps is guaranteed at about 3800 hours, and 
in testing to see if the ray efficiency (consequently the bacterial 
efficiency) is maintained, it appears that the lamps are tested 
at a distance of 50 cm. with solio paper, and if the paper turns 
pink in approximately 10 seconds the lamps are considered all 
right, but if it requires 15 seconds, or more, there is some question 
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as to their efficiency and they are removed for further test. 
It should be noted that there is no satisfactory method devised 
for the control of the lamps in operation to tell accurately when 
any have deteriorated, and just how fast they are deteriorating, 
which makes operation uncertain, and the system will require 
more technical supervision for this reason. 

We have had considerable trouble with lamps blackening, 
or mercury oxide. 

There is no change in the organic matter, as there is with ozone, 
and as before stated, the time and depth will probably vary 10 
per cent. The efficiency will be higher with the higher voltage 
lamps requiring 400 to 500 volts. 

With ozone gas, climatic conditions affect the operation, al¬ 
though this has been practically eliminated; and then there are 
troubles from punctured dielectrics, the expense of renewing 
these, however, being small. 

This gas will alone remove the major portion of the algae 
and organic matter, and reduce the color from 15 to 40 per cent, 
and at the same time remove from 73 to 99 per cent of the 
bacteria, but if the organic content is high the reduction is high 
and the bacteria reduction is lowered, but as we become more 
familiar with these conditions they will be removed or improved. 

A test for ozone can easily be made, and an approximate de¬ 
termination of the strength made by passing a given quantity 
through iodide of potassium solution, and we have proved by 
many hundreds of tests that at no time has it been possibe 
to detect nitrous acid, and further, that the removal of the algae 
and organic matter causes the bacteria to die in the mains, and 
it is believed that this is due to the removal of the organic 
matter necessary to maintain bacterial life. 

It might be stated that all forms of bacteria are really vege¬ 
table micro-organisms; also that there are some 60 gas-forming 
bacteria; and it is not possible to determine the Coli other than 
in a presumptive manner (except by special plating requiring 
a period of time too long for the purpose. We have further 
•found, in testing for bacteria in air, that from one cu. cm. taken 
from a solution made from one square inch taken from the air 
filter and distilled water, there were 9000 gas formers, or pre¬ 
sumptive B. Coli , out of a total of 27,000 bacteria, which goes 
to show, we believe, that ozone gas will eventually prove of 
value for air purification, as soon as its action and method of 
handling are better understood. 

.For those seeking further information on this subject there 
will be found papers in the Proceedings of the American 
Works Association of 1911, also papers by the chemist of the 
Baltimore County Water and Electr'c Company, Mr. Sheppard 
T. Powell, in the American Water Works Journal of September, 
1914,.and also Dr. von Recklinghausen’s paper of the same date. 

It is our belief that both these sterilizing agents will find a 
field in both water and sewerage treatment, and particularly in 
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the treatment of the discharge from tanks of the Imhoff type, 
as evidenced by our experiments. 

It "may be added that the ultra-violet ray has recently been 
tried in Baltimore for sterilizing milk, and the result was that a 
decided offensive taste was imparted to the milk, which would 
prevent the use of this agent for this purpose. Further, milk 
sterilized with ozone will not give up the characteristic taste of 
the gas used, as it seems to be retained in the milk. However, 
rancid butter can be renovated without any apparent effect 
on the substance itself. 
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A HIGH-SPEED PRINTING TELEGRAPH SYSTEM 


BY CARL KINSLEY 


Abstract of Paper 

The paper describes a system of high-speed printing telegraphy 
devised by the author, a prominent feature of which is the sim¬ 
plicity of the apparatus and its operation. The author briefly 
mentions a number of high-speed systems which have been tested 
by the operating companies, non'e of which have completely ful¬ 
filled all the requirements for accuracy, rapidity and low cost 
which are desirable for commercial work. 

The system described is operated in connection with a com¬ 
mercial typewriter to which a punch is connected which perfor¬ 
ates a half-inch strip of paper with groups of holes distinctly 
spaced in five rows, each group representing a letter. The 
punched strip of paper is then sent through the transmitter so 
that the holes pass under five wire brushes. Batteries of either 
polarity are thus connected between the earth and either one of 
a pair of conductors, or batteries of different potential can also 
be used. At the receiver there are five elements which are separ¬ 
ately controlled and these elements make an autographic record 
by means of a local battery on a moving sensitized paper when¬ 
ever they touch the surface. The apparatus, which ^compara¬ 
tively simple, is illustrated and described in detail. On the 
basis of simplex working and the use of two wires, the operating 
speed is 650 words per minute over a 375-mile line. If duplex 
working should be used the total speed of working per wire 
would be increased accordingly. 


r | *HE RATE of increase in the amount of business transacted 
**■ by telegraph has been most marked during the past few 
years. The extension of the network of telephone wires and 
their universal use in local business has seemingly stimulated 
the desire for a formal method of inter-communication which is 
more rapid than the mails. 

The operating companies have responded as fully as they could, 
with the means available, to the public demand for a more rapid, 
accurate and inexpensive service. They have carefully tested 
many systems of telegraphic transmission that have been 
presented to them. None of the systems, however, has ful¬ 
filled all of the requirements for accuracy in the transmission 
of the messages, rapidity of operation from the receipt of the 
message to its final delivery, and low cost; the latter includes, 
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in particular, interest on invested capital, depreciation of tele¬ 
graphic apparatus and lines, maintenance of plant and cost of 
operation. 

It is impossible adequately to mention in the brief space avail¬ 
able the telegraph systems which have already been tried, some 
of which have by no means been discarded. Among them the 
following may be of particular interest. 


The Rowland multiplex printing telegraph system 1 has en¬ 
joyed a limited use in Italy and was experimentally operated on 
commercial business for a considerable time in this country. On 
the basis of eight machines operating simultaneously over two 
wires a speed of 400 words per minute could be obtained. 

The Murray printing telegraph 2 was given a commercial test 
in America in 1900 and later taken to England where it was 
developed to a much more perfect state in the laboratories of 
British P. 0. Department. It has recently been given a month’s 
trial in this country. Used duplex with four machines working 
on the two-wire circuit and with eight automatic translators, a 
speed of 400 words per minute can be reached. 

The Baudot printing telegraph 3 has been extensively used in 
France and India, while recently its use has been spreading to 
Great Britain, where certain improvements have been added. 
On the basis of duplex working, and using two wires, 160 
words per minute can be transmitted. 

The Siemens-Halske rapid printing telegraph system 4 has been 
remodelled from the system developed and extensively tested 
about 1903, which used a photographic process of recording. In 
its present form it has been successfully used on certain German 
lines and is being tried over three or four different circuits at the 
present time. It seems to be specially suited for underground 


1. G. Robichon, “ Le Telegraphie Rowland, ” Journal Telegraphique 
Jan. 25, 1901 and Feb. 25, 1901. ’ 

Potts; The Rowland Telegraph System , A. I. E. E. Trans., 1907 Vol. 
XXVI p. 507. ' ; 

-A Y ansize; A New Page Printing Telegraph, A. I. E. E. Trans., 1901, 
Vol. XVIII, p. 7. 

Murray; Practical Aspects of Printing Telegraphy, ” Inst. Elec. Eng. 
Jour. v. 47, p. 450, 1911. See also Electrician , May 5 and 12, 1911, 

3. D’Appareils Baudot,” Poulaine and Faivre, Paris 1906 

7 he Baudot Telegraph System in !ndi J Electrician 
Mch. 22, 1907. . ’ 


J\. ^' ra I nke i “ D , Sr neU ® Sohnelltele g r aph der Siemens und Halske,” 
Elektrotechn. Zetischr., Sept. 25, Oct. 2 and 9, 1913, 



1 2 ! r. 


19141 KINSLEY: PRINTING TELEGRAPH SVS'i 


* f '% 

i*. 


cable work, as the speed of each instrument is low and the re¬ 
quired perfect control of both synchronism ami phase of the trans¬ 
mitter and receiver is then not affected In’atmosidutriccmiditirms. 


✓ n 


necessity for an entire absence of disturbance can be com¬ 
prehended when it is noted that many letters require the opera- 
lion of seven relays It.? switch circuits in the through line in orem 


aration for each record. On the basis of duplex working ami 


r\> 


*\TiX 


ceivmg 


use of two wires a speed of 100 words per minute* is t 4 iiaiual T*. 

is only half as fast as the early form which required the 
eloping, fixing, washing and drying of the record of the re- 
icssage and thus produced a condition at the receiving 
end which was considered uncommercial. 

The Pollak-Virag writing telegraph system,* unlike any of the 
b does not require synehronism between transmitter 
receiver. The received message, however, is pholograpl 
cully recorded on a sheet, which process entails expen 


si* a 


i n 


‘lay 

in handling the* message. It was given an extensive commercial 
test over German lines and also was exhibited in England and in 
this country in 1899. On the same basis as that used in ? he tests 
of the previous systems the Pollak-Virag telegraph operated 
at 0f>0 words per minute. 

The system about to be described does not. employ synchron¬ 
ism between transmitter and receiver, then* are no relays used i 
the operation at either end of the line, only one instrument 1; 
employed, and the message is received ready for distribution 
On the same basis of compulation used in tIn* above sysien 
the speed of operation of the author's printing telegraph isw. 
words per minute over a 97amile rOOTokm j li 




r* 


Plan ok Ockhatiux 
employed is direct throng 

milting and recording parts an* capable of such adjustment that 
the speed of operation is limited only by the sored of 
The mode of operation i.; a:; follow;;: 

iy means of a punch which is coimeeieti to a commerria 


typewriter a half-in. (I.27*cm.) strip of paper i; 


r < < 

i,./ # 
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Keilschr, Oct. 11 , 
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‘cent I m pro verm* jits of t lie I *< 41a k »V i rag VV ri f i ng 
Electrician, July 8, I'.ttlt!. " Telr«rai>bM lO|.i.I.r Sv-te' 
Vi raj;," Ed. Elixir., Ja.n. 5, 1907. 
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series of groupings of holes distinctively spaced in five rows, 
each group representing a letter. The punched strip of paper is 
then sent through the transmitter so that the holes pass under five 
wire brushes. Batteries of either polarity are thereby connected 
between the earth and either one of a pair of conductors. Bat¬ 
teries of different potential can also be used, and in one case that 
is done, making five different transmitting impulses. Fig. 1 
shows the wiring connections, a representative piece of 
transmitting tape, the printing elements and a section of the 
record. 

At the receiver there are five elements which are separately 
controlled, except that No. 3, which needs only the normal cur¬ 
rent, also operates when the strong current needed to operate 
No. 5 is received. 

The printing is accomplished by subdividing the alphabet 


L'me 



into four independent elements and a fifth which, whenever used, 
accompanies one of the others. These elements then mak e an 
autographic record, by means of a local battery, on a moving 
sensitized paper whenever they touch the surface. It is merely 
necessary to have them operated in the proper sequence and with 
the desired interval in order to obtain any letter or figure of the 
alphabet. 

Photographs of Complete Apparatus 

Fig. 2 shows the punch for preparing the transmitting tape. • 
A commercial typewriter is set on the punch base and the opera¬ 
tion of preparing an office copy of the message also punches the 
transmitting tape. The depression of the digit bar sets the proper 
punch combination, then closes the circuit of an electro- 
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magnet which completes the operation of punching and spacing 
the transmitting tape. The tape is then rolled up ready for use 
on the transmitter. As many punching machines can be used 
at the same time as may be needed to supply the transmitter with 
a sufficient number of rolls of prepared messages. 

Fig. 3 illustrates the automatic transmitter. The roll of paper 
carrying the message is driven under the wire brushes, which 
drop through the holes and make contact with the underlying 
rings, five in number. These rings are slowly rotating, driven 
by the paper friction, so as to insure a continually changing point 
of contact. No trouble at all has been experienced with faulty 
contacts. No speed control has yet been used on the driving 
motor as it has not been found necessary to have any exact speed 
of transmission. 

Fig. 4 shows the method of construction of the artificial line, 
which needs more than a passing notice. It is made of a great 
many sections all connected in series. Each section consists 
of two tinfoil grids, separated by wax paper with solid tin- 
foil sheets outside of them, also separated from the grids 
with waxed paper. The solid sheets are 63^2 in. by 9 in. 
(16.5 cm. by 22.8 cm.) and completely cover the grids, which 
are superimposed. There is thus complete distribution of the 
capacity and resistance of the two parts of the circuit with re¬ 
spect to each other as well as with respect to the ground, while 
each section is shielded from the neighboring sections. The total 
capacity from either line to ground, measured with an a-c. 
pure sine wave of 120 periods per sec., is 4.05 microfarads. The 
total resistance of each line is 747 ohms, while the leakage resis¬ 
tance due to dielectric absorption is 2 X 10 4 ohms. There is no 
appreciable self-induction. On the basis of an open wire cir¬ 
cuit having a conductor 0.43 cm. in diameter, the capacity and 
resistance relation would make the artificial line equivalent to a 
circuit 375 miles (603.5 km.) long. 6 Since the open wire line 
has also distributed self-induction, the current at the distant 
end of the actual line would be greater than that at the end of the 
artificial line, if the impressed e.m.f. were the same. The equiva¬ 
lent length of actual line might be calculated in another way on 
the basis of an alternating current of equivalent frequency. 
When transmitting messages at the rate of 650 words per min. 

6. Note —The above equivalence is obtained by interpolation in the 
table on p. 256 of “ The Propagation of Electric Currents,” J. A. Fleming. 
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the actual duration of an impulse is 1/720 sec. This would be 
equivalent to a frequency of 360 periods per sec. 

Assume I, = cosech PI n i 


Where Z 0 = initial sending end impedance = — CW (2) 

Vg +jb 

and P = propagation constant = 

a + j P = VV + jx Vg + j b ( 3 ) 

* 

r, x, g and b are respectively the resistance, reactance, conductance 
and susceptance per mile. 

I r and V s aie the current at receiving end and impressed e.m.f. 
at sending end. 7 With the same V 8 the I r will be the same in an 
artificial line and actual open wire line if the length of the line 
/, is 635 miles (1021 km.). 

If the actual open line, however, is of No. 8 B. & S. gage, then 
with the same impressed e.m.f. the current at the end of 375 
miles will be the same as at the end of the artificial line. The 
length*of the open line equivalent to the artificial line can be 
conservatively placed at 375 miles. The oscillograph record 
shown in Fig. 7 gives the current distortion, due to the long line, 
which is found in this case. 

Fig.5 shows the receiver of the author’s printing telegraph sys¬ 
tem and Fig. 6 is another view of it with the head lifted from the 
tape to display the printing elements. It uses two local circuits; one 
energizes the magnetic circuit which normally holds the printing 
members off of the recording surface and polarizes them. The 
other is in series with a resistance and has its positive terminal 
connected to the receiver elements, which are here also the print¬ 
ing members, while the negative terminal is connected to the 
slightly moistened tape. A ferrocyanide of potassium solution, 
and iron tips to the receiver elements, have been found to be 
cheap and satisfactory. The line circuits are connected to the 
receiving spools and temporarily change the magnetic flux as 

7* Note— See page 84, Fleming, loc. cit. 
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the signaling currents are received.. It is found to be desirable 
to use various magnetic fluxes in the different circuits but in 
every case the magnetic density is not large.when the parts of 
the magnetic circuit are proportioned'as in this receiver. 

The five elements are mounted on a circular frame so that the 
printing faces nestle closely together and form the pattern al¬ 
ready shown in Fig* 1* This pattern is only one of several which 
have been tested. The form of the alphabet produced by it 
seems to be entirely satisfactory. A sixth element could be added 
if greater perfection were desired, while an alphabet of four 
elements which was thoroughly tried, out was found to be leg¬ 
ible to most people, but vastly inferior in appearance and doubtful 
of acceptance by the public. A sample of the transmitting tape 
and of the message as received is shown in Fig. 7, although 
the dark blue record on a slightly tinted background is a difficult 
object to reproduce photographically, and it is impossible to do 
justice to the original. The reproduction serves, however, to 
show the forms of all of the letters and figures as received over 
the whole of the artificial line, whose constants have been given, 
at a rate of 650 words per minute. 

Operation of the Receiver Elements 

The receiver is astonishingly consistent in its operation and it 
would probably be of interest to consider its functioning more in 
detail. The adjustment of the position of the core of a receiving 
magnet is accurately made by means of a reducing gear, all lost 
motion being avoided by the use of a stiff spring. After adjust¬ 
ment the receiver can be operated for a long time without any fur¬ 
ther attention. In one case, over four months elapsed without 
touching an adjustment screw, during which time it gave per¬ 
fect service, then a break in the circuit made a repair and read¬ 
justment necessary. When a signaling current is received it will 
further magnetize the receiving magnet of one section of the re¬ 
ceiver and reduce the magnetization of the one connected in series 
with it. The magnetization due to the local current lifts the 
receiver element from the paper and holds it against the core 
of the receiver magnet. When the signaling current slightly 
reduces the pull on the receiver element it is released, and the 
spring causes it to strike the paper, leaving its record, and then 
to rebound, when it is again caught by the local magnetic curcuit 
and held, ready for another release by the signaling current. 
The local current therefore does the work of distorting the spring 
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and the signaling current merely supplies enough energy to re¬ 
lease it and to allow the stored-up energy in the spring to become 
effective. The receiving element has a flat spring rigidly at¬ 
tached to the core of the magnet which is energized by the 
local current. The natural period of the printing element can 
be made whatever is desired by varying the thickness or width 
of the spring and the size or location of the attached armature. 
The natural period of the receiving element should lie between 
rather sharply defined limits. Its period should be sufficiently 
long so that the signaling current has passed and the magnetizing 
current is again the controlling quantity before it returns to its 
resting position; and the period should be short enough so that the 
receiving element is back at rest before another signaling cur¬ 
rent intended to operate it is received. 

Let us assume that the transmitter connects batteries directly 
between a line and the ground either with or without the con¬ 
densers which are of service only when the source has large self- 
induction. Fig. 7 shows the current at the end of a 375-mile 
artificial line, due to the impressed constant e.m.f., as obtained 
by photographing oscillograph curves at both transmitter and 
receiver. The current is such as would be used in the vertical 
lines of a G. If we consider the negative current, which releases 
the element making the lower half of the vertical line for its two 
strokes, it can be seen that the natural period of the element 
s ould lie between definite limits. Since the element is more 
strongly held m place while the positive current impulse is on the 
me but is released when the negative current reaches ax and held 
again when the current is not more than b u then the period of 
the printing element should be longer than the time between 
0/1 and b i but shorter than the time between ax and 5 2 . There is 
one exception that is of minor importance, since it is desirable 
to avoid synchronism in general, that is, if the natural period is 
exactly as long as the interval from ai to a 2 then the second re¬ 
lease will come at the proper time. If the natural period has a 
value such that the element returns to its initial position at any 
me between b 2 and b 3 , except at a 2 , then the resulting stroke 

wi be given at the wrong time. This may not be so far wrong 

as to lead to illegibility, but will obviously give an imperfect result. 

e natural period used with this instrument as now adjusted 

les half way between a x and a 2 . This high natural period .allows 

e use of the ’ marks which are not considered a necessary part 
of the telegraph alphabet. 
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Hundreds of oscillograph records have been made, and it can 
be stated positively that with the present circuit and apparatus 
design no combination of currents can occur which will cause 
errors in the record. It is evident that a sufficient increase of 
speed or an increase in the length of the line without an appro¬ 
priate reduction of speed will produce an inoperative condition, 
but as previously stated, the speed attainable is limited by the 
line and not by the terminal instruments. 

The elements most frequently used are the two which combined 
make a straight upright line. This is produced, as already shown 
in Fig. 7, by connecting the battery to the line for 1/720 of a 
second and then reversing it for the same interval. This can 
be considered as a part of a periodic wave having the equation 8 


00 


V, 


4.E 

i r 



1 . 2 m + 1 „ 

2 m+ 1 Sm T 2 Tt 


( 4 ) 


V s = potential difference at transmitter at the time t counted 
from the time the positive potential is connected to the line. 

E — potential difference of battery. 

If we assume that the actual transmission will be equivalent 
to the sum of the series as far as the terms are appreciable, 
using m — 0, 1, 2, 3, etc., it will be possible to combine the 
arriving waves and obtain the arrival curve from the equation 
computed separately for each period, i.e ., for each value of m. 


Ir 


V s 


(Zs + Z y ) cosh PI + 


( 


z,,z r 


z, 


+ Z 0 ) sinh PI 


/ 


( 5 ) 


Z s , Z Y and Z 0 are the impedances of the sending and receiving 
apparatus and the initial sending end impedance. 


PI = ot l + j (31 = l V r + j x v'g jb 

= 2.62 /44° 26' for m = 0 (6) 


8. The form employed is that used by Malcolm, Electrician , April 15, 

1912, p. 916; eq. 32. 
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vV + 


JX 


\/g -\-jb 


= 285.5 \45° for m — 0 



Z s = 0 when batteries are used. 

Z r = 56 + j 859 = 862 /86° 15' for m = 0 (8) 


For the first harmonic, m = 0, 7 r =-- (Q) 

2320 \174° 7' W 


The 2d harmonic, m — 1, has an amplitude of only 2 ■— 

per cent of the first, and 3d harmonic, m — 2, has an amplitude 
35 

of only ■■■ per cent of the first. 

In other cases with shorter lines the harmonics up to the fifth 
may be appreciable, but they in no way interfere with the opera¬ 
tion of the receiver if the receiving elements are properly designed. 

At the receiver, the current flow, so far as it materially affects 
the printing elements, is therefore a sine wave of frequency 

360 periods per sec., as is apparent from an inspection of the 
oscillograph curves of Fig. 7. 

No estimate will be made of thecost per message, but the various 
items which have rendered other printing telegraphs too cumber¬ 
some or expensive for general commercial use are here conspicuous¬ 
ly absent.. The whole receiving and printing part of the mechanism 
can be easily held in the hand or carried in one’s pocket. Asidefrom 
the paper drive and the power circuits there are only five moving 
parts and they consist of stiff flat springs rigidly attached to the 
rame. The movement of each is less than 1/25 of an inch 
(one mm.) and there is no possibility of their getting out of order 
or needing adjustment. If the paper drive is started by a line 
impulse from the transmitter, a message could be received without 
the necessity of an attendant ever being present. The receiver, 
due to its extreme simplicity and entire absence of delicate parts' 
would have its first cost considerably less than that of a single 
sensitive relay. The cost of maintenance and operation will 
obviously be reduced to a minimum, since on account of its 
simplicity and speed the number of attendants and their in- 
lvidual skill will be far less than at present needed. Of the 
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entire system, the most complex part as well as the most ex¬ 
pensive is the commercial typewriter. It is not altered in any way, 
and if large users of the telegraph should themselves prepare 
the transmitting rolls the typewriters would be available at other 
times for general office purposes. 

The widespread interest in and need for a cheaper telegraph 
service should undoubtedly lead to the adoption of some machine 
method of telegraphy which would make possible a large reduc¬ 
tion in telegraph tolls. 



1254 HIGH-SPEED PRINTING TELEGRAPH [June 26 

Discussion on “A High-Speed Printing Telegraph Sys¬ 
tem” (Kinsley), Detroit, Mich., June 26, 1914. 

C. R. Underhill: Mr. Kinsley is certainly to be congratu¬ 
lated on the very ingenious device which he has brought out, 
and I must say that it is one of the most surprising forms of 
high-speed printing telegraph instruments which have come to 
my notice. It seems, however, that it is necessary to use 
two wires and ground, which makes the line expensive, particu¬ 
larly since the machine is designed, I presume, for long-distance 
transmission, as that would be the service in which it would 
apparently have its greatest value, but the use of two wires may 
not be so detrimental as at first appears. Probably one great 
reason why the printing telegraph has not been adopted more 
in this country as compared with European countries is because 
in foreign countries the telegraph is used for letter-writing. 
Abroad, I understand that it is customary to send a telegram 
instead of a letter, and for that reason the traffic is increased 
and the price is brought down. 

Some years ago, in 1904, I brought out a printing telegraph 
which has never been made public except through the patent 
offices of the world, and which has been kept quiescent for cer¬ 
tain reasons which need not be mentioned. My object in bring¬ 
ing out this telegraph instrument was based on the fact that the 
Morse system is in universal use not only in this country, but 
abroad, not only for short distances, but for great distances 
both for wire and wireless telegraphy, and might be called the 
universal telegraph system. This instrument to which I refer 
was so designed that it would print in English characters on a 
tape something like a stock “ticker”, that is, it would trans- 
t ■u dots and dashes of the Morse code into type. 

tvt a £ rea ^ de a l of difficulty on account of certain letters in 
the Morse code, i. e., C, 0, R, Y, Z. I had no difficulty in mak¬ 
ing it work on the Continental or Universal code. 

• a I wish to bring up in connection with the 

introduction of a machine of this character. The telegraph 
companies of the United States and Canada are very slow in 
a opting the Continental or Universal code, although it is used 
abroad, and in the wireless field.. It is not unusual for operators 
to receive messages in the Continental code and send them out 
again m the Morse code. On the long trans-continental lines 
ney do use the Continental .code, to a certain extent. It has 
been shown that operators in the wireless field readily learn 

^^njntal code, although accustomed to the Morse code, 
yet the telegraph companies will not adopt it. There seems 
to be some inertia there. 

I would like Jo ask what effect the line leakages due to weather 
. ave 1 on instrument. Although Mr. Kinsley stated there 
I s n ° battery, I understand a local battery has to be used 
or holding up the armature, as he explained. I would like to 
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know whether a careful balance has to be maintained in the 
magnets. We know the quadruplex will not work well when¬ 
ever there is considerable leakage on the line on account of the 
weather. I would like to know how line leakage affects these 
magnets, and whether adjustments have to be made, locally, 
when the line current varies. 

My experience with the telegraph instrument I mentioned 
has, I think, an important bearing on the introduction of a 
machine of this kind. I took it before the high officials of one 
of the large telegraph companies. They received it very nicely 
and said it was a very ingenious device, etc., but they led me 
into the operating room and showed me a man sitting before 
a resonator, with a sounder in it, the man operating a type¬ 
writer and taking the matter down at the rate of about thirty- 
five words a minute. The official said, “You watch that opera¬ 
tor.” By chance the operator “broke,” took the paper out of 
the typewriter, made a correction on it, put it back and started 
typewriting again at the rate of about one hundred words a 
minute. During this interval he was storing the message in 
his head. The official said, “You bring us a machine that will 
dispense with the operator, and we will put it in.” 

In connection with the matter of the two wires, I wish to add 
that one of the officials, in speaking of the capacity in connec¬ 
tion with any machine, said, “Whenever further capacity is 
needed, we have plenty of wires running between New York and 
Chicago, and all we have to do is to tap in on another wire.” 
It may be in a case like that, since they have so many wires, 
it. makes no difference whether you use a single wire or three 
wires at a time. Incidentally, I might add that a code system 
like the Morse or Continental is applicable both to wire and 
wireless, whereas I know of no other system which can be ap¬ 
plied to both. I have made my system work on the wireless. 

Ralph W. Pope: I was particularly struck with the novelty 
and ingenuity of the system proposed by Mr. Kinsley. It takes 
me back to the time when there were objections raised to the 
printing systems then in use. I first learned to operate the 
Hughes printing telegraph in 1858, and learned the Morse as 
a side issue, and for amusement. What was amusement then 
became business thereafter, for the printing instruments were 
gradually discarded. In the days of the printers, the first be¬ 
ing the House, followed by the Hughes, we were very careful 
about sending out good copy, that was perfectly legible and 
could be read without difficulty by any one. The House ma¬ 
chine was inferior in this respect, for the reason that instead of 
printing direct from the type it made an impression through a 
carbon tape onto the paper, and the fine lines of the letters 
were somewhat blurred and the copy looked smutty, but still 
it was very good if the tape was kept in good order. The Hughes 
printer, which followed, printed directly from steel engraved 
letters, the same as the ordinary type used in printing a news- 
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paper, while the House was similar to the carbon tape on the 
typewriter. You see we have made considerable improvements, 
in that the result of a carbon tape today is better than that we 
used to get from the House printing tape years ago. Legibility, 
then, was one of the desirable things, but there was another 
important feature, important in a negative sense—business men 
did not like the tape, for the reason that it was not the proper 
kind of a document to file away, and when I was a private sec¬ 
retary and received these tape telegrams in the course of 
business, one of the jobs of the office boy was to tear the tape 
into pieces five or six inches long and paste them on a sheet, 
so that we could file them away. In those days, as I recall, 
no effort was made towards producing the “page printer,” but 
today we have page printers. The type wheel shifts along on 
the shaft, and. when it comes to the end of a line it goes back. 

I am not familiar enough with the experiments of Mr. Kinsley 
to know whether he has undertaken anything of that kind. 

We come then, to this question of legibility, and I notice in 
the paper the author says that the letters and figures can be made 
more perfect by the use of a sixth element. In the samples 
presented by Mr. Kinsley it does not seem to me that the 
figures, more especially, are sufficiently distinct. Figures in a 
telegram are quite important; I do not refer so much to figures 
m the body of the message, making errors in reading quotations, 
tor instance, but m the addresses on messages; and the number 
on the street is not so important as the number of the street 
itself. Because, if you have a telegram addressed to the right 
street you are quite likely to find the right number. I have 
noticed the figures 168, as they appear on this slip. In Wash¬ 
ington, that might be read,-possibly, 16 B street, or in New 
York it might be read, instead of 168th street, 108th street, not 
ai } expert, but by the boy who addresses the envelope So 
that it appears to me that the figures should be so perfect that 
there is no possibility of there being errors made in reading 

tnem. that is, as you will see, more important than the matter 
of letters. 

For more than forty years, experimenting has been going on 

with systems of rapid telegraphy. That has always meant the 

preparation of the message in advance by perforating paper, 

and running it through rapidly, in order to get this hi|h speed 

, u ^ mmu ^ e * That means that the sending matter 

wWac dlV ^ 6 l UP ^ 03 ? gst ? few “punchers,” a s they are called, 
whereas with the Kinsley instrument, when the message is 

eady. r delivery, it has gone through no other process at the 
receiving end, and the tape is supposed to be ready to deliver. 

1 hat has not been the case heretofore with these received mes¬ 
sages, they had to be divided up and recopied, on the same 
principle that they were divided up for punching. While it is 

nfieSn e V Pe K hapS ’ rate ° f speed > there is another 

question to be considered, which was brought to my attention 
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Sir William Preece at our meeting in April, 1907, when we 
cussed the Rowland printing telegraph. Sir William said 
it one of the difficulties they had with these fast systems in 
gland was to get business enough to work the system up to 
capacity. There were only a few through trunk lines between 
ndon and Liverpool, and London and Glasgow, perhaps, where 
sy could work these fast systems economically, for the reason 
sy would run out of business and would have to wait for more. 
. consider that telegraphy, when you recognize its value, is 
"■ 5^ cheapest things we have, but the average individual 
ely sends a telegram on his. private .account. It is only the 
at business houses, especially brokerage houses in the 
cities, which spend such large amounts in telegraphing, 
ave gone sometimes from one year’s end to the other without 
amg a private telegram, but that is more especially the case 
ce we have had the telephone. So that the cost of tele- 

phmg is a very small item in the expenses of the average 
Lsumer. 

rears ago I wrote an editorial on this subject, and took for 
text the cost per ton of making stoves in Troy. I happened 
run across this list of items that went to make up the cost 
1 ton of stoves—so much for iron, so much for labor, and so 
running up, as I recall it, to about $80 a ton, while for post- 
and telegraphing, which were lumped together, it was $1 
.he cost of a ton of stoves, and bad debts were placed at $2, 

;hat really this amount of bad debts was double the cost of 
grams and letters. 


have always maintained that telegraphing should not be 

so was an argument put forward by Mr. 
tin, who was one of the officers of the first telegraph com- 
y m the country, I think, at Philadelphia, when he said 

^ Y ere making a mistake in trying to cheapen the work of 
telegraph. 


efore typewriters were used it was considered necessary 
ever y operator should write a clear hand, not necessarily 
d-some, but plain. It is now obligatory, in most offices, to 
a typewriter for transcribing messages instead of longhand, 
we have seen an evolution, even in the simple Morse, first 
n the use of a metal type notched, for transmitting purposes, 
up m a stick and run along, because the inventor thought 
operator could not make the signals plainly enough. Then 
/vent to the key sending and received messages on the tape, 
n the embossing register was discarded, when the operators 
overed they could read the signals by spund and do it much 
e quickly, and more accurately, and keep up with the 
Ler. ^ that is one thing you lose in any system of the kind 
er discussion, you lose that time which is required in punch- 
the tape. In receiving by sound, ordinarily the operator 
ose up with the sounder; to be sure, as the previous speaker 
said, they may lag behind for a dozen words, and catch up 
*—th^t is one of the peculiar features of Morse telegraph- 
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mg the ability of the operators to carry along, some of them 
twelve or twenty-five words, perhaps, behind the sounder and 
keep these words m memory, while they are turning their 

C rt bon , S ^ e M tS) °f. m fresh carbon sheets, and the various 

other details which are necessary. That is what I used to do 

when I had to wait on myself and was fixing up carbon sheets 
for three copies While I was doing that, the sounder was going 
on and when I began the next page I would be a dozen words 

next m pag? ' catch UP ’ and be ready to chan S e the 

I was speaking of the evolution of the Morse simply by the 
practical experience and growing skill of the operators. I 
might say there was always a rivalry between the sending opera¬ 
tor and the receiving operator, as to which could work the 
faster, whether the sending operator could send faster than the 

^ mn ii° P l rat ° r could receive h, and it was about neck and 
neck until the typewriter operator arrived. When the type¬ 
writer came the receiving operator had it all his own way he 
could almost take a nap in between times, because he could take 

ten or fifteen words more per minute more than the sending 
operator could send. g 

What has happened now? The telegraph company bnc 

fJ i 1I f lin ^ ed a11 of the conventional signals, formerly • required 

“fj «f m $ f mes fS ges '„ They used to put “ahr” for "another,” 
a ^ d f “ fo f f f? m . on our messages. Now, the company, 

t rni%+ I h e ’ e imma t ed these things, and the receiving opera- 
A J+fff ^ be t tlU “ ore ex P er t, because he has no breathing spell. 

s the operators found they could receive much faster with the 
typewriter, the company said, “If you can receive so much better 
y ypewnter, you must all do it.” So they all do it. The 
typewriter is m practically universal use today. 

wi+h e +i7 ave se ® a , th ft the receiving, operator has more leeway 
h the use of the typewriter, but in press reports the Phillips 

system nfLu the + sender • , Th f Phillips code is an authorized 
y em of abbreviation. This does not apply to the ordinary 

messages, which are not allowed to be abbreviated. I will give 

PnnrfnfT This means the Supreme 

^ourt of the United States. When a man receives the word 

W 2 C US ( the wire on his typewriter he must write out the 

words the Supreme Court of the United States.” That is 

rather an extreme, instance, but it is an example—“scotus” is 

Inf wilt ° Trials of the words. The code is copyrighted 
fOTni * P ’ Phll lpS ’ the inventor , and is published in book 

. A word about the present Morse alphabet. It is a very 
simple matter for an operator to send or receive by either code 
it he is familiar with them, just as it is easy for Mr. Mailloux, 

or , f n 7 ' a f 1 ? e > , t0 state a proposition in nine different languages, 
so that it is simply a question first, of the Morse operator leam- 
mg e Continental code, as it is called, which is a very simple 
matter. It is now required in the wireless service. It would 
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probably only be necessary for the telegraph companies to say 
that after a certain date, the first of October, for instance, the 
Universal alphabet shall be used instead of the Morse. But 
the question of superiority is not quite settled. When the old 
Bain chemical telegraph, which was a rival of the Morse, was in 
operation, the Bain alphabet was used, which by many was 
considered superior to the Morse, and there were many operators, 
especially in New England, who knew both alphabets. The 
Bain code is now obsolete. 

There is one more question I want to ask of the author. Fig. 7 
shows that the dots used for “C” and the dots used for “G” 
are practically the same, in the case of a G” there being one added, 
and the same combination of double dots appears in the case 
of “D.” I was a little at a loss to know how the combination 
came in “I,” because the curve is reversed, and I am not certain 
whether it is possible to reverse the curve or not. 

George S, Macomber: I think we should congratulate Mr. 
Kinsley on his very happy and novel combination of inventions. 
It seems to me that almost all inventions of this kind are really 
new combinations of things known before. In the present 
case we have a type printer operated by electromagnets, com¬ 
bined with an electrochemical telegraph recorder. 

All high-speed telegraph recorders may be divided into two 
general classes, electromagnetic and electrochemical. We have 
three sub-classes of electromagnetic recorders: (a) those oper¬ 
ated by non-timed step-by-step mechanism, as in the case of the 
various ‘‘tickers”; (b) those operated by synchronous motors, 
as in the case of the Hughes, the Phelps, the Baudot, and the 
Rowland printers, and (c) those operated by non-synchronous 
timed impulses, as in the case of the Morkrum printer, in which 
six electromagnets are successively and automatically operated 
at definite time intervals after the first or starting impulse is 
received, and in which the various letter combinations are de¬ 
termined by the arrival or absence of positive or negative cur¬ 
rent impulses at the receiver as each of the timed magnets 
respectively operates. We have two sub-classes of electrochemical 
telegraph recorders: (a) those using unidirectional current, as 
m the early Bain two-wire telegraph; and (b) those using both 
positive and negative line current impulses, as in the Foote and 
Randall and the Delany telegraphs. 

_r Mr '^ Klnsley ’ S tele S ra ;Ph uses a perforated tape with five rows 
of perforations somewhat like that of the Poliak-Virag tele¬ 
graph tape; a transmitter which sends both positive and nega¬ 
tive current impulses over the line as did that of Foote and 
Randall; a two-wire transmission line as did the first Bain sys¬ 
tem; and a chemically prepared tape, similar to that used by 
Bam and Delany, in a recorder so arranged as to make, elec- 
trochemically, successive lines so placed on the tape as to form 
or at least imitate type print. 

I want to ask Mr. Kinsley how many unit time intervals are 
required, on the average, by his recorder, per letter. It appears 
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quire more time r^^ ei i S ’ as ’ ^ or exam Ple, “B,” must re- 

_ I. wish also to retort letters ’ SUch as <<r ’ 

notion that Alexander "Re- corr ection of the generally accepted 

telegraph recorder for Q J ln T aS tbe first to P roduce a chemical 

an electrochemical teleerao ? 7 SS ^ 28 > Harrison W - D h er built 

veral miles long g apJl recorder and operated it over a 
Kinsl^v • t ” * 

leakage and difficult v* 11 *'Bering the first question, in regard to 
the receiving 1 end wlnVh + ^ an cmg, since there is no battery at 
current the battery 2 pa ^ - in the operation of the line 

il circuit rJ Jt\ ^e receiving end merely magnetizes 


:*eee 
rren t 

the local circuit o'* 1 ® feoei^rng end merely magnetizes 

takes part in the oneratinr 1S tb r oldy batter Y which 

a neutral relay snoh ?? °t e bne. In instruments with 

different operations haw hf , 21315011 quadruplex, half a dozen 
receive one signal to rmof° r ® trough with in order to 

William Mayor Tr £ fl ? m American Telegraphy,” by 

.I.'„,.„.sln.l,k. S,at diSf" I° rk ’ ?•«! W 198) ^“it is quite 

relay at one station rtiaking of a dash on the neutral 

battery several times• ri distan1; pole-changer may reverse its 
•' ‘ home trnnJmiti. borne , pole-changer may do likewise 
tnmioUve force of the ma T mcrease and decrease the elec- 

“?..?pea«ediy. At the same 


unn. of nnnrcn ---f ? . -OlO lxic bciine 

home neutral "relay mayhave^arf't° the for . e Z oin 8 actions, the 

and t h- t <ioL^ cl jJt aVe had lts magnetism reversed several 
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f ho itrnni reversed several 

buttery, partly bv th^dii^ be ®? , made > P artl 7 by the home 
partly with current on nt and . home batteries combined: 
by the maiu £!™ihL he mam lm e, partly without: partly 

current, and yet on a°welt^sT 1 '’P art . ly , b y the condenser 

heard on the quadrupleiTIound^^ Xt wil1 } a 7 e been 

ordinary ‘city line’ sounder” ^ &S any dash ° n an 

in t;n Th i ”e t is I me f ^ •“ connection with this instru- 

. 

Ca ” 1 ' a j nd tends to bold up the other one on the 

i ;„i ‘ lUa U,cse cle “ e nts are in series with each other; con¬ 
ut ally there is no difficulty—any line that is good enoueh 
iperate a polarized relay will operate this with current less 
..‘cessary with the usual polarized relay, because the 
operating energy does not go over the line; the operating energy 
!* Ku pi>bed largely by the local circuit, and what goes over the 
hf.c M morely enough to upset the balance between the local 
r>' » tr 1 j CU ^. and .bhe tension on the spring, 
b, B. Underhill: In case of leakage, could you get enough 
current to operate .satisfactorily? 5 

vSrl JOnsley * You. can get all that you can from any tele¬ 
graph line for operating any relay. There is a point where all 

telegraph lines break down. 

C* St* Underhill: Does that come from that kind of balance 

j /* -. 
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plenty of current, or very little current, would 
adjusted to balance? 
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;anl to the use of six elements, ! like the five better, m 
mnj; more simple to operate. 'I’he sixth element will yive, 
possibly, some increase in the beauty of the alphabet, because 
to can be made certain distinctions with six whieh cannot 
made with five, but, in uiv opinion, the alphabet made with 
elements is perfectly legible. However, if for anv reason 
the live-element, method is not sufiieiently yraeefui, then it is 
possible to use the sixth. As a matter of tact, four elements 
have been used, and pive a legible a 1].habet to readers familiar 
with its use but it lacks the characteristic of beins; familiar 
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TOLL TELEPHONE TRAFFIC 
An Experimental Study of the Relationship between Circuit 

Loads and Delay to Traffic 


BY FRANK F. FOWLE 


Abstract of Paper 

Experiments are described to determine the relationship be¬ 
tween telephone circuit loads and the corresponding delay to 
traffic. The operating methods employed and the number of 
circuits available determine in general the number of messages 
per day which can be handled over a single toll circuit. The 
average delay to traffic obviously depends upon the number of 
messages per circuit per day, or the circuit loads. With a given 
load factor, increase in the circuit loads will increase the average 
delay to traffic. At the same time the revenue per circuit mile 
will correspondingly increase. The practical limit, however, is 
a PPmached w hen. the delays to traffic reach a point where the 
service is unsatisfactory. The results of the experiments de- 
scnbed illustrate the fact that increasing circuit loads increase 
the delay to traffic, and vice versa. The revenue per circuit 
nule is directly proportional to the product of the circuit load 
and the toll rate per minute-mile; consequently the relationship 
between the quality of service and the toll rate is generally 

obvious, assuming a certain rate of return on the plant invest¬ 
ment. 


The NUMBER of telephone messages per day which can be 
A handled over a single toll circuit, as is well known, depends 
upon several considerations. Chief among these are the opera¬ 
ting method employed and the number of circuits required to 
handle the total traffic between the given terminals. A com¬ 
plete dissertation upon toll operating methods would extend far 
beyond the scope of the present paper, and only the simplest 
or fundamental methods will be mentioned. The earliest 
method, and one still used to a great extent in handling small 
volumes of traffic, is the direct ring-down, in-and-out ticket 
(or two-ticket) method. In this method the operators signal 
each other direct, over the talking or message circuit, by ring¬ 
ing in the usual manner; the outward operator makes a complete 
ticket, and times an,d supervises the connection; the inward 
operator also makes a duplicate ticket, but does not time the 
connection. This method has been materially improved by 
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eliminating the inward ticket, and by having the outward opera¬ 
tor deal directly with the called party at the destination instead 
of through the intermediary of an inward operator who repeats 
the details back to the outward operator. In some cases the 
last method has been modified to the extent of having the in¬ 
ward operator make a memorandum ticket or so-calledlskeleton 
ticket, for checking purposes, but this is usually eliminated if 
possible. Other operating methods, special in their nature, 
apply when the volume of traffic is very large, but do not come 
within the scope of the present discussion. 

It is not necessary to dwell at length upon the fact that the 
number of messages per day, per circuit, increases (other factors 
being the same) as the volume of traffic and the number of cir¬ 
cuits operated in one group to handle it also increase. -That 
is, the circuit efficiency increases as the number of circuits or 
tiunks in a group increases, and more messages per circuit, per 
day, can be handled in a large group than a small one, with the 
same average delay to traffic and equal load factors. 

The effects of the operating method and the size of the trunk 
group upon the circuit loads (messages per circuit per day) are 
usually discussed from the standpoint of a certain fixed quality 
or service, that is, a certain average delay to traffic which is main¬ 
tained as a standard. This period of delay is generally accepted 
as the interval from the time the calling subscriber gives his 
call to the recording operator, until the line operator establishes 
the connection or returns a definite report in regard to the 
called party. It seems fairly obvious, however, that there must 
be some definite relation between the circuit loads and the 
average delay to traffic. In other words, with a constant load 
factor, the effect of increasing the circuit loads will be to in¬ 
crease the average delay to traffic; at the same time the toll 
revenue per circuit-mile will correspondingly increase. Natur¬ 
ally a limit will be approached when the traffic is delayed to 
such an extent that subscribers complain of the delay and a 
loss of business is threatened. 

This relationship between circuit loads (traffic'density per 

... , j if not already clear, can be 

illustrated by a simple analogy with railway transportation. 

Given a fixed volume of traffic (passenger or freight) to be trans¬ 
ported, the delays in traffic movement will be least when the 
train service is as frequent as it is possible to arrange it; but 
unless the volume of traffic is very larg% the train loads may 



1914] 


FOWLE: TOLL TELEPHONE TRAFFIC 


1265 


not be large enough to produce an adequate net revenue per 
train-mile. In order to increase the train loads to a point 
where the operating revenue per train-mile will exceed the cost 
by a reasonably profitable margin, it will perhaps be necessary 
to resort to less frequent train service. This implies a longer 
average interval between trains, and consequently a longer 
average period of waiting or delay before the traffic is moved. 
The parallels in the analogy are between the number of trains 
and the number of toll circuits, between train loads and circuit 
loads, and between delays to railway traffic and to toll traffic, 
a fixed volume of traffic in each case being assumed. 

The general problem is therefore one of the highest com¬ 
mercial importance, since it is perfectly obvious that under a 
given schedule of toll rates there is a certain standard of service 
which cannot be exceeded without the sacrifice of profits, and 



the faster the service as a whole the higher must be the rates 
for the same percentage of profit. It is not at all the' intent in 
this paper to reach any conclusions as to the commercial side 
of the question, but simply to present certain experimental 
data bearing on the general principle. 

Layout of Experimental Circuits 

The general layout of the toll lines used in the experiments 
here described is shown in Fig. 1 . The group of circuits upon 
which the experiments were made extended between A and B, 
the latter representing two toll offices, or toll centers. The 
greater portion of the traffic either originated at A and terminated 
at B or vice versa. The remainder of the traffic was of a through 
(instead of terminal) character, necessitating the use of tandem 
circuits. For example, a call originating at A and destined for 
02 or some point beyond, would have to be switched at B-, in 
some cases the call would be passed to the operator at B, who 
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would take the details and record them on a through ticket, 
and then pass the call to while in other cases the operator 
at B would connect the line through to 62 and the operator at 
A would pass the call to the operator at Z> 2 . The entire traffic 
passing over the group of circuits between A and B can be clas¬ 
sified as follows, for convenience. 


TABLE I 

Classification of Traffic over Group of Circuits between A and Bin Fig. 1. 


A to B 

Class 1 

B to A 


A to b\ or &2 or 63 

Class 2 

B to 01 or 0 2 or <23 


01 or 02 or 03 to B 

Class 3 

bi or hi or 63 to A 


01 or 02 or 03 to bi or & 2 or £3 

Class 4 

b\ or b 2 or h$ to 01 or 02 or 03 



Normally there were six circuits between A and B ; this num¬ 
ber was reduced successively to five and then to four, operating 
for several days under each of the last two conditions in order 
to secure reliable test data. A study of the traffic was then 
made from the tickets, excluding any days such as Sunday or 
Saturday when the traffic is not normal, and also excluding any 
days when there was any wire trouble on any of the circuits in 
the group. Of course it should be understood that the through 
traffic did not necessarily originate or terminate at the first 

office beyond d or 5 , but in some cases involved offices reached 
by two or more switches. 

Summaries of Test Data 

The operating method employed in handling the terminal 
business (class 1 traffic) between A and B (Fig. 1) was the direct 
ring-down, single-ticket method, while all other traffic was 
handled by the double-ticket method. The through business 
was handled in some instances by means of relays, or through 
tickets at the switching point, and in other cases by straight 

switches (no ticket). 

The summary of results is presented in Table II. Recapit¬ 
ulating, the class 1 traffic is the terminal business between A 
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and B (Fig. 1 ), the class 2 traffic is the through business orig¬ 
inating at A and B , the class 3 traffic is the through business 
terminating at A and B , and the class 4 traffic is the tluough 
business to and from points beyond A and B but passing over 
the circuits between the latter. There was no simple way of 
determining whether each through switch at A and B was set 
up for the transmission of a message, but in general the number 
of switches exceeds the corresponding number of messages and 
it was arbitrarily assumed that there was dne message for 
every two switches. The average duration of a message was 
approximately four minutes.' The rate schedule in force was 

the same throughout each 24 -hour period. 

Table III shows a summary of lost and delayed business, 



Fig. 2—Curves Showing the Rela¬ 
tionship between Circuit Loads 
and Average Delay to Traffic 

Curve ( 1 ) for terminal business. 

Curve ( 2 ) for originating through business. 



Fig. 3—Typical Load Curve 
of Toll Traffic 


for the same periods as represented in Table II. In all cases 
the traffic figures represent one day’s business, being an average 
of several day’s business, as indicated in the last column in 
Table II. 

Discussion of Results 

The relationship between the average delay to terminal 
business (class 1 traffic) and the circuit loads is plotted in curve 
(1), Fig. 2; the similar relationship for the originating through 
business (class 2 traffic) is plotted in curve ( 2 ), Fig. 2 . The 
underlying data are taken from Table II. These curves bring 
out forcibly the general conclusion of the paper, namely, that 
increasing circuit loads are accompanied by increased average 
delay to traffic. For example, taking the terminal (class 1 ) 
traffic, five-minute service corresppnds to a circuit load of 21 
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messages per circuit per day, in a group of about 8 circuits; 
six-minute service corresponds to a circuit load of 24 messages 
per circuit per day, in a group of about 7 circuits; seven-minute 
service corresponds to a load of about 27 messages, eight- 
minute service to 30 messages, ten-minute service to 35 messages, 
etc. The following Table IV was prepared in this manner from 
curve (1), Fig. 2; this of course is based primarily on handling 
a substantially constant volume of traffic. 

TABLE III 


Summary of Lost and Delated Business. 


Number 
of circuits 
in use 

Per cent of 
originating 
calls (A and B) 
lost 

Number of 
calls delayed by 
“ no circuit " con¬ 
ditions 

Average no¬ 
circuit delay, on 
delayed calls 
(min.) 

Number of 
calls lost on 
account of “no 
circuit" 
conditions 

6 

18% 

25 

11.8 

None 

5 

17% 

62 

12.9 

1 

4 

21% 

CO 

co 

16.9 

1 


TABLE IV 

Circuit Loads for Various Grades of Service with Constant Volume of 

Trafftc and a Group of 4 to 8 Circuits 


Average delay to ter¬ 
minal traffic (mic). 

Circuit loads in total 
messages -per circuit 
per day 

5 

21 

6 

24 

7 

27 

8 

30 

9 

33 

10 

35 

11 

37 

12 

39 

13 

41 

14 

42 

15 

44 


The volume of class 3 traffic, Table II, is so small that the data 
on average delay are unreliable. This is more obvious by 
reference to a typical load curve, Fig. 3. Evidently there is 
a large probability that these relatively few class 3 messages 
were handled during some other period than the peak, or the 
“ busy hour; ” and in such case the delay would be less, owing 
to lighter loads on the circuits. The same is true of class 4 
traffic. The daily load factor was in the vicinity of 30 per cent. 

The delay to originating through business (class 2 traffic), 
destined to scattered points to which the business did not justify 
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individual direct circuits, is shown in curve (2), Fig. 2. Of 
course this delay can be minimized by eliminating relay tickets 
at switching points and substituting straight switches. 

The use of averages, particularly in reference to the delays 
to traffic, does not convey complete information as to the char¬ 
acter of service, since some of the calls will inevitably be delayed 
longer than the average, and others less. In order to bring 
out fully the quality or speed of toll service it is desirable to 
resort to curves of the type shown in Fig. 4. These curves 
show the percentage of calls handled with a given delay, or less, 
and therefore reveal the extremes. The three curves there 
shown give in more detail the grade of service obtained during 



Fig. 4 Percentage of Terminal Traffic Handled within a Given 

Interval or Less 

the tests whose results are recorded in Table II. Each of these 
curves applies only to the terminal business, or class 1 traffic; 
the average delay in each case may be found in Table II. 

The results given in the paper, although they apply specifi¬ 
cally to conditions which do not differ widely from those de¬ 
scribed, nevertheless serve to illustrate the fundamental prin¬ 
ciple that increasing circuit loads increase the delay to service, 
and vice versa. The revenue per circuit-mile per day, or per 
annum, is directly proportional to the product of the circuit 
load and the toll rate per minute-mile. Consequently the re¬ 
lationship between the quality of service and the toll rate sched¬ 
ule is in general an obvious one, assuming of course that a cer¬ 
tain fixed percentage of return on the plant investment is main¬ 
tained in all cases. 
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Discussion on “ Toll Telephone Traffic ” (Fowle), De¬ 
troit, Mich., June 26, 1914. 

J. Lloyd Wayne, 3rd: I think this subject of telephone toll 
traffic is very close to the heart of every operating telephone 
man and it is certainly to be appreciated if we can bring before 
the public the fact that speed costs money. The telephone 
message being largely intangible, the general public is apt to 
get the idea that it does not make any difference in your cost of 
operation whether you get the connection through quickly or 
slowly. The telephone user is liable to forget the simultaneous 
demands of the many other telephone users. This paper brings 
out evidence of the practical necessity of lining up the toll calls 
in the order of receipt, if rates and earnings on the plant invest¬ 
ment are to be reasonable. Every toll telephone plant represent¬ 
ing a large investment may be likened to a transmission plant 
subject to very high peak loads. A large part of the day the 
plant is not carrying anywhere near its capacity and at other 
parts of the day it may be subject to overload demands. Un¬ 
fortunately these busy or overload periods occur at the hour 
when business is- at its height and thus at the time when speed 
means the most to the patron. 

Again, with our telephone toll plant the revenue is based on 
the productive time. Furthermore, with each short period 
of production we must necessarily have a nonproductive time 
during which the circuit must be built up from the calling 
party to his correspondent. It is as though we had a 
power transmission line, the revenue from which is derived 
from the number of minutes of useful production of a motor 
load at one end, it being necessary to stop and start both 
generator and motor, free of charge, before and after each 
useful run. It is very evident that the less this nonproductive 
time, especially at busy periods, the greater the number of 
messages that can be handled. Mention is made in the paper of 
the single-ticket and two-ticket methods. The former method 
cuts down the nonproductive time and gets the business over the 
line more quickly. However, with the two-ticket method there 
is a record of the message at two points and thus there is less 
liability of losing track of completed calls. 

The paper calls attention to the fact that with a certain 
average speed of service, some of the calls will be handled con¬ 
siderably more slowly than the average. This is clearly shown 
by comparing the curves in Fig. 2 and Fig. 4. The middle curve 
of Fig. 4 represents approximately 40 messages per circuit. 
Now if you will observe curve 2, you will find that at this rate the 
average speed of service as shown by the abscissa is 12 minutes, 
while the maximum delay shown on the middle curve of Fig. 4 
is some 30 minutes, or two and one-half times this. It is well 
recognized that speedy service is a good advertisement and re- 
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suits m the filing of many messages which would, not otherwise 
be offered. In devising a telephone toll plant we must con- 
tmually have in mind the proper balance between (1) the number 
of messages to be handled, that is, number of paid minutes 

P6 S ,X’ V the necessai T s P eed of service, (3) practicable rates 
and (4) the corresponding number of circuits required, that is’ 
the plant investment. 
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THE EFFECT OF DELTA AND STAR CONNECTIONS 
UPON TRANSFORMER WAVE FORMS 


LESLIE F. CURTIS 


Abstract of Paper 

The purpose of the paper is to show the distortions resulting 
from different symmetrical three-phase connections of generator 
and transformers without transmission line, as dependent upon 
the hysteresis cycle and the admittance of the transformers at 
no-load. 

Tests were made with the oscillograph to show the no-load 
exciting current and voltage waves of three single-phase step- 
up transformers when the windings of the generator and both 
sides_ of the transformers were connected in all possible sym¬ 
metrical delta and star relations. 

Tests are divided into four groups, according to the connec¬ 
tion of the generator. In all cases normal low-tension line 
voltage was held, but voltage and current measurements were 
considered less important than the recording of wave forms. 

Oscillograms are given in each case and the relations between 
the flux, voltage, exciting current, and the hysteresis' cycle are 
shown in two instances. 

The author points out that the best voltage wave forms will, 
m general, be obtained with a star-connected generator and 
delta-star or star-delta connected transformers. 


Introduction 

I T is well known that the method of connecting three-phase 
transformers, or single-phase transformers upon three-phase 
lines, influences the character of the potential and current 
waves, in that the type of connection limits the per cent of the 
harmonics of e.m.f. which may appear between lines and the 
per cent of the harmonics of current which may appear in any 
line. It is not the purpose of this paper to bring forth any 
new discoveries, but to present a series of wave forms, taken 
with the oscillograph, showing the wave distortions which are 
likely to occur in the different symmetrical three-phase con¬ 
nections. 

Oscillograms of potential and exciting current were taken at 
no-load upon three single-phase, 10-kw., 1100-110-volt, 60-cycle 
step-up transformers when connected in all possible combina¬ 
tions of delta and star. The generator used was a 7.5-kw., 
60-cycle machine, so arranged as to give the desired voltages 
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when connected either delta or star. It was thought that 
any distortions would be a maximum with the large trans¬ 
formers connected to the smaller generator at no-load. 

Throughout all of the tests the line voltage was held at 110 
when the transformers were connected in delta, and at 110 Vs 
when the transformers were connected in star. 

Since the transformers were very nearly balanced, wave 
forms were not recorded upon all of the phases. 

Tests with One Transformer 

Before investigating the wave forms with the three- 
phase connections, an oscillogram of exciting current with 



Fig. 2—Potential, Flux and Current Waves. Single-Phase 

Connection 

a sine wave of e.m.f. was taken to determine the hysteresis 
cycle under normal conditions. This is shown in Fig. 1. 

Fig. 2 shows the voltage, flux and exciting current, and 

Fig. 3 the resulting hysteresis cycle scaled from the original 
oscillogram. 

Tests with Star-Connected Generator 

. nex ^ was run with the generator connected 

m star. This gave practically a sine wave of e.m.f. between 

lines, except when the reactions in the transformers introduced 
a fifth harmonic. 
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With a star-star connection of transformers, the wave of 
exciting current is as in Fig. 4. Since no third harmonic can 
exist in the exciting current, one must appear in the transformer 
voltage, or the voltage to neutral, even though the line voltage 
remains a sine wave, because of the definite shape of the hyster¬ 
esis cycle. This is shown in Fig. 5. 

Fig. 6 shows the voltage, flux and exciting-current relations 
for the above connection. The hysteresis cycle is plotted in 
Fig. 3, showing the same general shape as for the sine wave 
of flux, but being smaller in area. 

For the above test, normal line voltage (110 V3 volts) was 



Fig. 3—Hysteresis Cycles 


held, but owing to the change in wave shape, the voltage to 
neutral was 121.0. 

With one side of the 'transformers connected in delta, the 
third harmonic, which is lacking in the exciting current with 
the star-star connection, may flow in the closed delta. It 
appears only in the local transformer circuit. Fig. 7 shows 
the line current and the transformer current for a delta-star 
connection of windings. The admittance of the transformers 
is such that a fifth harmonic in excess of the amount demanded 
by the hysteresis cycle appears in the line and transformer 
currents. This causes a fifth harmonic to appear in the e.m.f. 
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waves, as is shown in Fig. 8 . 
flat-topped delta voltage, or 
for this, connection. Curve 1 
age, which is peaked because 
containing the fifth harmonic 
120 deg. apart. 

}\ wAl be noted that the 
originates in the transformers, 


Curve 2 shows the characteristic 
lgh-tension voltage to neutral, 
shows the high-tension line volt- 
of the vector difference of waves 
similar to that shown in Curve 2 


reaction causing this distortion 
since the wave of exciting current 



Pig. 6 —Potential, Flux 


degrees 

and Current Waves. 
Connection 


Star-Star-Star 


which 2d 7 m istort'the fr0m th , at ° f tlK star-star connection 

rrs. ddtl c , 

of transformers. The third hnr * star-delta connection 

tons is now derived from the high”^“ * mPm ~ 
low-tension line curr<*n+ * gn tension delta circuit. The 

as in the previous case eausine th 6XCeSS °j ^ 6fth harmonic 
voltage to neutral or 'delta voltage' 'T befom” T 

'°r a“d 4 10 “ S ‘ 

distortions 6 a e a conn ection of transformers, the voltage 
distortions are apt to be increased, due to the troubltme 
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Fig. 1—Exciting Current and Potential Waves 

exdUng e cur^it, C 2.00^nperes. CUrVe * vclta » e transformer, 110.0 volts. 
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Curve 2, 



Fig. 4—Exciting Current Wave 

Star-star-star connection. 


[curtis] 
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Fig. 5— Potential Waves 

Star-star-star connection. Curve 1, voltage to neutral, 121.0 volts, 
age between lines, 190.3 volts. 


[ CURTIS J 


Curve 2, volt- 



Fig. 7—Exciting Current Waves 

Star-delta-star connection. Curve 1, line current, 3.39 amperes, 
former current, 2.11 amperes. 


[CURTIS] 


Curve 2, trans- 
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Fig. 8—Potential Waves 


Star-delta-star connection, 
age 110.0 volts. 


Curve 1, line voltage 1924.0 volts. 


[curtis] 

Curve 2, delta volt- 



Fig. 9—Exciting Current Waves 

ri1 , S r t ^ r + S i a Q 4 dJta connection - Curve 1, delta current. 0.074 
current, 1.94 amperes. 
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ampere. Curve 2 , line 
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Fig. 10—Potential Waves 


[CURTIS] 


Star-star-delta connection. Curve 1. voltage to neutral, 110.0 volts. Curve 2, line 
voltage, 190.3 volts. 



[CURTIS] 

Fig. 11—Exciting Current Waves 


Star-delta-delta connection. Curve 1, line currenx, 3.49 amperes. Curve 2, high- 
tension delta current, 0.068 ampere. Curve 3, low-tension delta current, 2.15 amperes. 
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Fig. 12—Potential Waves 


[CURTIS] 


Star-delta-delta connection. Curve 
Curve 2, line voltage, 110.0 vclts. 


1, voltage to generator neutral, 63.8 volts. 



Fig. 13—Potential Waves 
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voita^eV”lo^)l C ts? neCti0n ‘ C " Ve VolUge *° neutra1 ’ 121A volts. Curve 2, line 
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Pig. 14—Potential Waves 

Delta-delta-star connection. Curve 1, line voltage, 1930.0 volts, 
voltage, 110.0 volts. 


[CURTIS] 


Curve 2, delta 



Delta-star-delta 
voltage, 190.3 volts 


Fig. 15—Potential Waves 

connection. Curve 1, voltage to neutral, 110.1 volts. 


[CURTIS] 

Curve 2, line 
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Fig. 16—Potential Waves 


[CURTIS] 


_ Delta-delta-delta crnnection. Curve 1, low-tension voltage, 110.0 volts. Curve 2 
high-tension voltage. 1110.0 volts. ’ 



Fig. 17—Exciting Current Waves 


ICURTISJ 


Star-neutral-star-star connection, 
line current, 1.99 amperes. 


Curve 1, neutral current, 1.83 amperes. Curve 2, 
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Fig. 18—Potential Waves 
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Star-neutral-star-star connection. Curve 1, voltage to neutral, 110.6 volts. Curve2. 
line voltage, 190.3 volts. 



[curtis] 

Fig. 19—Exciting Current Waves 


Star-neutral-star-delta connection. Curve 1, neutral current, 3.55 ampere's. Curve 2. 
delta current, 0.186 ampere. Curve 3, line current. 2.23 amperes. 
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Fig. 20 —Potential Waves 


Star-neutral-star-delta connection. Curve 1, voltage to neutral, 110.2 volts. Curve 2, 
line voltage, 190.3 volts. 








1914] CURTIS: DELTA AND STAR CONNECTIONS 1277 

fifth harmonics in the exciting circuits. The currents and 
voltages for this connection are shown in Figs. 11 and 12. 

Tests with Delta-Connected Generator 

With the generator connected in delta, the short-circuit 
third harmonic current in the armature produces a pulsation 
at six times the normal frequency in the field flux, which, in 
turn, introduces a fifth and a seventh harmonic in the armature 
voltage. Of these, the fifth is the more troublesome, produc¬ 
ing the familiar fiat-topped wave of delta voltage. 

Distortions due to the transformer connections are super¬ 
imposed upon the generator wave. Figs. 13, 14, 15 and 16 
show the voltages of the banks of transformers connected in 
star-star, delta-star, star-delta and delta-delta respectively, 
when excited from the delta-connected generator. The original 
wave form of the generator voltage is shown in Fig. 13, since 
the star-star connection of transformers does not distort the 
line voltage. 

Tests with Connected Neutral 

When the generator and the low-tension side of the trans¬ 
formers are connected in star with connected neutral, the third 
harmonic components of the exciting current may return to 
the generator over the neutral, each phase constituting a single¬ 
phase circuit. 

The waves of exciting current for a star-star bank of trans¬ 
formers with connection to the generator neutral are shown 
in Fig. 17. The voltages are shown in Fig. 18, being very 
nearly sine waves. 

If the high-tension side is now placed in delta, there exists 
a .short circuit of the unbalanced third harmonics in the three 
transformers. This causes an excessive third-harmonic current 
to flow over the neutral which reacts upon the generator flux 
in the same way as that in a delta-connected generator. This 
is shown in Fig. 19. A flat-topped wave of voltage to neutral 
and a peaked line voltage result, as shown in Fig. 20. 

Preferable Connections 

-From 'the above results it is seen, from the standpoint of 
wave form, that the banks of transformers connected delta- 
star, star-delta, or star-star with connected generator neutral 
give the best results. The latter connection would be ruled 
cut if dissimilar banks were to be operated in parallel. 
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Discussion on “ The Effect of Delta and Star Connec¬ 
tions upon Transformer Wave Forms” (Curtis), 
Spokane, Wash., September 9, 1914. 

P. M. Lincoln: We may represent a three-phase system as 
in this diagram, in which the figure ABC may be assumed to 
rotate around its center 0. The instantaneous voltages will 
then be proportional to the lengths of the projections upon a 
line, as XX. For instance, at the instant represented in the 
figure the instantaneous voltage of leg AO is zero, that of phase 

CB is a maximum, and those of phases 
A AB and AC are each one-half of the 

maximum, one increasing and the 
other decreasing. 

If we so represent a three-phase 
system, we will find that a third 
harmonic in the leg voltages OA , OB 
and OC will have the effect of causing 
the neutral point 0 to rotate around 
the small circle D and the rate of 
rotation of the neutral around this 
x x. small circle will be three times that 

of the whole system around 0. For 
instance, if we assume that the point A has advanced 10 deg., 
during the same time the neutral will have advanced 30 deg. 

The diameter of the small circle D is dependent upon the 
amount of third harmonic that enters the leg voltages OA, OB 
and OC. It is evident from this analysis that we may have 
any amount of third harmonic voltages in these leg voltages 
without having any third harmonic voltages in the phase volt¬ 
ages AB, AC or BC. This physical conception has enabled 
me to see this problem more clearly than otherwise and I pass 
it on for what it is worth. 

L. J. Corbett: The paper appeals to me as a very valuable 
one and one which requires a great deal of study. It brings to 
light some very interesting problems and I think this idea as 
given out by our president is very valuable. It is a new one to 
me. I thought at first he was referring to the unbalancing of 
load which has the effect of shifting the neutral on this three- 
phase triangle. 

A. A. Miller: It seems to me .that this question is open for 
discussion by the representatives present of the faculties of the 
several universities and also by the operating engineers. The 
effect of the oscillograph upon the ability .which we have 
to diagnose these cases is very marked. Some half-dozen years 
ago there was absolutely nothing of the kind to assist us; the 
effects of the higher harmonics were guessed at and such results 
as were acquired, were obtained by means of curves which were 
plotted more or less from a theoretical basis. By means of this 
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highly sensitive instrument which we now have, we can see 
exactly what goes on in these circuits. 

E. G. Robinson, Jr.: What results are gotten with open- 
delta connections? I think that is a connection that a great 
many of us are using to start with on our transformers for 
power and light; and the question arises in my mind, what is 
really taking place in your transformers regarding the circulat¬ 
ing currents, the triple harmonics and the circulating current 
in the delta where this delta is open; were these secured with 
a delta closed or the delta with one side open? I start with an 
open delta in my transformers and as my load increases, or my 
power load increases, I close my delta. I would like to have 
the author answer that question regarding the circulating cur¬ 
rents when using transformers with open delta. 

M. H. Gerry, Jr. : The old question has arisen of the relative 
advantages of delta and star connections for power transformers. 
No general conclusion has ever been reached in this matter, nor 
is there likely to be any definite answer, as there is no one con¬ 
trolling- condition or set of conditions. Certain practises have 
arisen which have worked well in particular situations. In 
other places different practises have seemed best. There are 
so many things to be considered that, after all, the question 
is one of general expediency. 

L. T. Merwin: Along the line of a suggestion already hinted 
by Mr. Gerry I ask Mr. Curtis, in closing, to answer this ques¬ 
tion—What form of connection is advisable from the stand¬ 
point of the operating engineer for protection of the transmis¬ 
sion line beyond the power house, say for voltages ranging 
from 60,000 and up? The operating engineer is particularly 
interested in wave forms as well as circulating currents at two 
points, one between the generators and transformers at the power 
house and the other between transformers and line. And then 
again, what bearing has the wave form upon the breakdown 
point of his transmission line after it has passed beyond the 
power house? Will the star-delta or the star-star or the delta- 
star connection give the safest form of wave curve on the line 
from the standpoint of the breakdown? It is that which in¬ 
terests particularly the operating engineer. Mr. Curtis shows 
his oscillograph curves with transformer connections open on 
the high side; but with load on the end of a 150-mile high- 
tension transmission line, what changes in the wave form will 
take place as against an open transformer bank? 

Livingston P. Ferris: I ask Mr. Curtis to cover the follow¬ 
ing points in his closure: Just what wave form is considered 
in the comparisons upon which you base your conclusion? By 
what criterion do you judge the distortion of wave form charac¬ 
teristic of the different types of connections? Have you fol¬ 
lowed the recently adopted standardization rules of the In¬ 
stitute or some other standard? 

I will mention two circuit arrangements for oscillograms 
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which have been found useful in the investigation of the Joint 
Committee on Inductive Interference in California. These 
circuit arrangements are designed to distort the wave form of 
current through the vibrator, magnifying the higher harmonics 
in this wave as compared with their relative magnitude in the 
desired main line current or voltage wave. For current waves, 
the secondary of a current transformer is closed through a low- 
impedance air-core inductance coil, the constants of one such 
coil being 1.12 + j 0.0468/ ohms. Around this coil is shunted 
the vibrator of the oscillograph in series with a condenser and 
rheostat. The amplitude of the wave and magnification of 
the harmonics in the vibrator current are controlled by adjust¬ 
ment of the condenser and rheostat in series with the vibrator. 
An analysis of the vibrator wave expressed in current units, 
together with a knowledge of the circuit constants, enables one 
to compute the value of the main line current corresponding 
to any harmonic. Care is necessary with this arrangement, 
in order that the impedance in the secondary of the current 
transformer shall not be too high and particularly that the circuit 
shall not resonate at or very near the frequency of some har¬ 
monic which it is desired to measure. For voltage waves, the 
vibrator is connected in series with a condenser and rheostat 
and supplied from a potential transformer. By these methods 
of accentuating the higher harmonics the accuracy of their 
determination in the current and voltage waves is much increased. 

H. V. Carpenter: I would like to enlarge a little on the 
point that Mr. Curtis brought out, that the various connec¬ 
tions which he dealt with give different losses in the trans¬ 
former cores. That would have some bearing in determining 
the capacities of these different*connections, the load capacities. 
It might be possible if Mr. Curtis has given the matter any 
thought to tell us something about the amount of increase in 
rating that might be considered possible in certain cases over 
that of other connections. It would seem from the hysteresis 
diagrams which he showed that there might be sufficient saving 
in core losses there to make it appreciable in the load capacity 
of the transformer'sets. 

L. F. Curtis: As to Mr. Robinson’s question regarding the 
open delta, I regret that I have no oscillograms for this con¬ 
nection. I will predict that there will be an unbalance of volt¬ 
age between the three phases. There could be no third harmonic 
in any current flowing over a balanced three-phase line, but if 
there is an unbalance, as would be the case with open delta 
excitation, there might be a diversity of third harmonic com¬ 
ponents in the different lines. This would probably produce 
a reduction of voltage across the open phase, causing the voltage 
triangle to become distorted, the shortest line representing the 
voltage across the open side. It would also be probable that 
the wave forms of voltage of all three phases of the two trans¬ 
formers would be different. It is quite probable that if one 
wave were flat the others would be peaked. 
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star-star connection the core loss is only a small percentage less 
than for single-phase. The rating of the transformer would 
be slightly greater, but on account of the objectionable voltage 
to neutral, the connection would probably be ruled out in any 
case. 

It is to be regretted that the paper is incomplete in that the 
author has been unable to deal with the wave forms of three- 
phase transformers. With three-phase shell-type transformers, 
the results would be very similar to those obtained with the 
three single-phase units, but with three-phase core type units, 
the wave shapes would be considerably changed. 

Since the recording of wave-shape was considered to be of 
prime importance, no special care was taken to calibrate or cor¬ 
rect meter readings. Portable instruments of the electrodyna¬ 
mometer type were used for voltage readings. For the mea¬ 
surement of potential upon the high-tension windings a poten¬ 
tial transformer was introduced. Care was taken to discon¬ 
nect all potential-reading-instruments before taking current oscil¬ 
lograms. While the tests were not made with great scientific 
accuracy, uniform conditions were maintained throughout, 
making the results in the different cases comparable. 
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150,000-VOLT TRANSMISSION SYSTEM 


Some Operating Conditions of the Big Creek 

DEVELOPMENT OF THE PACIFIC LIGHT & POWER 

Corporation 


BY EDWARD WOODBURY 


Abstract of Paper 

The paper describes operating conditions on the 150,000-volt 
transmission line of the Pacific Light and Power Corporation 
which delivers power from the Big Creek hydroelectric develop¬ 
ment to Los Angeles, Cal., 240 miles away. In daily operation 
60,000 kw. are generated, utilizing a total hydraulic head ox 4Uuu 
ft., in two steps. Plans for the future contemplate the building 
of two more power houses, operating under somewhat lower 
heads 

Of particular interest is the complete success of the constant 
potential system, i. £., operation at the same voltage at the 
generating and receiving stations, by means of synchronous con¬ 
densers at the receiving end, i'n conjunction with automatic 
voltage regulators, one for each condenser as. well as for the gen¬ 
erators at each of the power houses. The line has been oper¬ 
ated with unusual freedom from short circuits. 

Appendixes describe the development of the system., and give 
data relating to the equipment of the Big Creek transmission line. 


T HE most striking feature of the Big Creek development and 
transmission is the magnitude of the figures in which the 
plant data are expressed. In daily operation, 60,000 kw. are 
generated, utilizing a total hydraulic head of 4000 ft. (1219 m.) 
in two steps, and transmitted 240 miles (386 km.) at 150,000 
volts, thus entailing some conditions of operation which are 
rather striking. 

The transmission line is of course the element of greatest 
importance in satisfactory commercial operation, although there 
are many features of engineering interest in the generating and 
receiving parts of the system. 

The most critical problem to be solved proved to be that of 
regulation. It must be remembered that the inherent regula¬ 
tion of the line alone, without terminal equipment, is from 10 
per cent above power house voltage at no load, to 20 per cent 
below at full load; that the effect of the transformer inductive 
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reactance at the generating end practically doubles the boost¬ 
ing at light load, and that the self-exciting characteristics of 
the generators, when supplying charging current only, tend to 
produce abnormal voltages at light load. 

The complete success of the constant potential or zero regula¬ 
tion system, i.e., operation at the same voltage at the genera¬ 
ting and receiving stations, is of particular interest. This result 
is obtained by the use of synchronous condensers at the receiv¬ 
ing end, in conjunction with automatic voltage regulators, one 
for each condenser as well as for the generators at each of the 
power houses. Since there are two 15,000-kv-a. condensers 
and four 17,500-kv-a. generators to be controlled, the regulator 
problem received most serious consideration, and was made 
the subject of careful experiment under working conditions 
before being proved satisfactory, as it now is. It has been 
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Fig. 1—Exciter Connection, Plant No. 1, Big Creek. 


found necessary to arrange the regulators to control field cur¬ 
rents from a maximum to zero. 

In one generating station the excitation system consists of 
three direct-current units, one of which is the exciter proper, 
the' other two being connected in series opposition, and used 
to excite the field of the main exciter. See Fig. 1. The two 
units making up the secondary exciter are designed to generate 
125 volts and 275 volts respectively. With a potential regulator 
on the 275-volt unit, arranged with auxiliaries to prevent a 
reversal of the field in the 125-volt unit of this set, the voltage 
applied to the exciter field may be changed from that required 
to give maximum excitation to zero excitation, within a range 
of voltage on the 275-volt unit which can be readily handled 
by the standard alternating-current automatic voltage regulator. 

The alternator’s at the other generator station are. excited 
directly by 200-kw., 250-volt exciters, the main field of which 
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is controlled by a new type of alternating-current automatic 
voltage regulator, which, has no direct-current magnet and which 
can therefore be adjusted to reduce the exciter voltage to zero. 
The exciters on this system have three shunt windings on the 
field, as shown in Fig. 2. One auxiliary field is provided to 
give the reversed excitation necessary to hold the voltage down 
when charging the line, the current being supplied to this field, 
through a variable resistance, by means of a storage battery. 
The other auxiliary field, which is solely for the purpose of 
maintaining the correct polarity, also takes its current, which 
is small, from the same storage battery. 

A reduction of the excitation to zero by means of the potential 
regulator, has not been necessary at the generating stations, 
but operation of the synchronous condensers at the receiving 



Fig. 2—Exciter Connection, Plant No. 2, Big Creek. 


station, over the range required, would not be feasible without 
a complete reduction of the exciter voltage. 

With 150,000 volts at the receiving end of the line, the charg¬ 
ing current is about 40 per cent overload for one generator. 
With normal voltage of 6600 volts at the generator, the charg¬ 
ing current overloads the generator 65 to 70 per cent. Hence 
in normal operation a line is usually energized by using two 
generators, under which condition a small field excitation in 
the normal direction is required. Abnormal conditions some¬ 
times make it necessary to charge the line from a single generator, 
until the condensers at the receiving station can be started. 

The self-exciting characteristics of the system with leading 
current are such that in one of the generating stations a single 
6600-volt generator, when connected to an unloaded line with¬ 
out its condenser and run at normal speed with the field switch 
open, would excite itself to 7600 volts, corresponding to 190,000 
volts on the transmission line at the generating station, and 
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demand from the generators 35,000 kv-a. and 3000 actual 
kilowatts. 

At the other station, where the generators were designed by 
a different manufacturer and had slightly different character¬ 
istics, the results were greater and the self-excitation under 
similar conditions would reach 9000 volts at the generator or 
230,000 volts on the line at the generating end. For this con- 
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Fig. 3—Typical Daily Operating Curves of Big Creek System, 

with Zero Line Regulation. 


ditionthe generator would have to deliver 5000 kw. and about 
50,000 kv-a. 

Means had therefore to be furnished for using current in a 
reverse direction in the generator fields to counteract the ex¬ 
citation due to the leading current. 

The curves of Fig. 3 show typical daily operating conditions 
as follows: 
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(A) System-generated kilowatts. 

(B) Big Creek-generated kilowatts. 

(C) Delivered kilowatts from Big Creek. 

(D) Generator power factor at Big Creek. 

(E) Condenser amperes (at 6600 volts) at receiving station. 

The difference between A and B is on account of other gen¬ 
erating stations being in operation on the system and being 
used to the limit of their capacity for correction of load power 
factors. 

The speed regulation by the waterwheel governor has been 
excellent, so that no complications have arisen from this source. 

As might be expected with a system of this magnitude, special 
consideration has been given to minimizing the effects of short 
circuits. Accordingly, the reactance of the generators of the 
two manufacturers has been made 70 per cent and 85 per cent 
respectively; of generating station transformers 5 per cent and 
8.5 per cent; of receiving station transformers 5 per cent and 
8.5 per cent. The result is that the instantaneous short-circuit 
current is only 380 per cent of full load on the generators and 
the sustained short-circuit current 110 per cent, with normal 
excitation, of full load. Under these conditions the waterwheel 
governors shut off water on short circuit before any serious 
change in speed can take place. 

On account of the use of aluminum cable for the transmission 
line, it is very desirable to suppress an arc on the line before 
the wire can be seriously injured; and there is now under con¬ 
sideration the installation of a field-killing relay to be installed 
in the neutral of the generating -station transformers, which 
will very quickly extinguish the arc and automatically permit 
the restoration of voltage immediately. 

Of the short circuits which have occurred, none have been 
sufficiently serious to burn down the cable. Some of the outer 
strands have been scorched, but not sufficiently so to diminish 
strength. The scorched sections are of course removed at the 
earliest opportunity. 

The causes of the short circuits, which have occurred, may 
be stated as follows: 

1. In the rush of construction, a tree was left standing too 
close to the line and blew against it. The cable was scorched, 
but not seriously hurt. This occurred during the tryout period, 
and while the voltage was returned to normal in a fraction of 
a minute, the load was transferred to the steam plant, for some 
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time, while experimenting was done to endeavor to locate the 
trouble. 

2. An irrigator tried to clean out a well near the line with 
a heavy charge of dynamite, blowing a lot of mud and water 
into the line. The current arced to the ground cable, but did 
not seriously injure the transmission cable. 

3. One of the insulators on a disconnecting switch in one 
of the stations flashed over. 

4. Seven other line short circuits have occurrred, five of which 
have been found to be due to flash-over of insulators, one to 
be due to an arc from line to a tree during high wind, and the 
location and cause of the other has not been discovered. In 
every case of the above, trouble was cleared by reducing the 
voltage at generators upon current being observed in the ground 
ammeters, after which service was immediately resumed. 

In all cases of insulator flash-overs, the damage to insulators 
was so slight that service could be resumed, without repairs, 
immediately on extinguishing the arc. In two cases, two disks 
out of the string of nine were broken down or badly shattered. 
In the third case, two of the disks were slightly chipped on the 
edge. 

In the remaining two cases the arcing bars with which the 
insulator hardware is furnished (see Fig. 4), protected the 
insulators against any damage. It is found that a flash-over 
will sometimes burn from one to two inches off the end of the 
arcing bar, and apparently does not go to the cable unless the 
direction and strength of the wind are such as to carry the a’rc 
out along the cable. The separation of the arcing bars is 51 
in. (129.5 cm.), equivalent to a break-down potential of over 
500,000 volts at normal frequency. 

5. The most serious line interruption was caused by a 
mechanical defect in a dead-end clamp at the end of a 2700-ft. 
(823-m.) span across a wide and deep river. The weight and. 
tension of the cable make a repair of this kind a serious matter* 
The clamp which failed was one out of 5000, so the percentage-, 
is not high. 

Various features of the system have been described in detail 
in different technical journals and do not need repetition, but, 
for convenience, appendixes follow, showing how the growth 
of the Pacific Light and Power Corporation system made an in¬ 
stallation of the magnitude of Big Creek an economic possi¬ 
bility, and giving the principal physical data of the develop- 
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ment. The author desires to thank Mr. H. A. Barre and 
Professor R. W. Sorensen for their generous assistance in the 
preparation of this paper. 

APPENDIX I 

HISTORICAL 

In 1897 the San Gabriel Electric Co. built at Azusa a hydro¬ 
electric plant consisting of four 300-kw. generators, which 
received their energy from a small stream with a 400-ft. (122-m.) 
head. The water power converted into electric energy by 
these generators at a potential of 500 volts was transformed to 
a potential of 15,000 volts and transmitted at this potential a 
distance of 25 miles (40 km.) to Los Angeles. Later, four 
other small hydroelectric plants varying in size from 150 kw. 
to. 1500 kw. were added, and a “standby” steam plant of 
2000 kw. was constructed, giving a total capacity of 6000 kw., 
4000 kw. of which was water power. 

January 1, 1905, the Kern River plant, a hydroelectric plant 
made up of five 2000-kw. generators, which transmitted its 
energy over 125 miles (201 km.) of line at a potential of 60,000 
volts, was developed, and two years later, the original Redondo 
steam plant, which at that time made such a record for effi¬ 
ciency, was completed and its 15,000 kw. contributed to the 
service of the community. Even this, however, was not suffi¬ 
cient, for in 1911 it was found necessary to add to Redondo two 
12,000-kw. turbine units, thus bringing up the available cap¬ 
acity of the system to 55,000 kw. 

Even this tremendous supply of power rapidly became in¬ 
sufficient to meet the demand, and the company prepared to 
carry out the development of the now famous Big Creek project, 
which was to convert the energy available in Big Creek into 
electric energy and transmit it 240 miles (386 km.) to Los 
Angeles. 

To transmit electric energy over such a distance with economy 
requires, of course, the highest practical potential, which in 
this case was selected as 150,000 volts, and plans for trans¬ 
mission at this voltage were drawn. These plans called for 
the immediate development of 60,000 kw. maximum, delivered 
at this voltage to the Los Angeles receiving station known as 
Eagle Rock substation. 

This energy is generated by four 17,500-kv-a., 6600-volt 
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generators, two in each power house. At Power House No. 1 
the water is delivered to the wheels under an average head of 
2050 ft. (624.8 m.) from a reservoir about five miles (8 km.) 
long and one mile (1.6 km.) wide, with sufficient storage capacity 
to operate the plant at full load about four months, which is 
equivalent to six or eight months of operation based upon a 
60,000-kw. peak on the two plants. After leaving Power House 
No. 1 the water enters a second tunnel, whence it is carried 
4| miles (7.2 km.) to Power House No. 2, where it is delivered 
at an average head of 1857 ft. (565 m.). 

Projected Development 

Each of the two present power houses is so designed that 
its capacity may be doubled, simply by raising the height of 
the storage dam and installing the necessary generators, water- 
wheels, transformers and switching equipment. Future plans 
contemplate the erection of two other power houses, each as 
large as No. 1 and No. 2 will be when completed, at a lower 
elevation. These will operate under a somewhat lower head 
than power houses No. 1 and No. 2, but the difference in head 
will be supplemented by the addition of more water. 

Construction 

In order to take up the construction of the Big Creek project, 
it was necessary to construct 56 miles of standard-gage rail¬ 
road over a very mountainous country, where even with the 
many curves the average grade is over 4 per cent. Materials 
were hauled over this track to the power house sites with shay 
locomotives, very often three engines being applied to a four- 
car train of heavy machinery. 

It was also necessary to build two inclined railways, one to 
transport material from the end of the railway to the reservoir 
site and one to let material down to power house No. 2 from 
the railroad. When the work was at a maximum of activity 
3500 men were employed, all of whom were housed in fifteen 
camps located in the mountains a long distance from supplies. 

APPENDIX II 

Equipment Data 

i 

Two power plants, total capacity 64,000 kw. 

Four 17,500-kv-a. generators. 

Eight tangential waterwheels, each pair develops 16,000 kw. 
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Fig. 4—150,000-Volt Suspension Insulator, Showing Arcing Rods. 






















PLATE LXXXVII. 
A. I. E. E. 

VOL. XXXIII, 1914 



[WOODBURY] 

Fig. 6 Typical Dead-End Tower Used for Line Sectionalizing 

by Opening Jumper Loop. 



[WOODBURY] 

Fig. 7—Angle Tower, Showing Bracket to Prevent Loop from 

Swinging. 
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Fig. 9—Steel Footing for Standard Tower. 
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generator, full load, 24 hours, uses 240 acre-feet of water. 

mum head of water, plant No. 1, 2100 ft. static. Plant No. 2, 1900 ft. 

rvoir capacity, initial development,51,600 acre-ft. Cubic yards con- 

ste in dams, initial development, 120,000. 

rvoir will operate plants 220 days on 50 per cent load factor. 

nage area 88 square miles, 
miles of 12-ft. tunnels through solid rock. 

.e-phase transformers, largest yet built, weigh 81 tons and contain 


,000 gal. of oil. 

sr station transformers connected delta 6600 volts, Y 150,000 vo ts, 
th grounded neutral. 

jiving station transformers connected delta 150,000 volts, delta 
,000 volts and 18,000 volts respectively. 

15,000-kv-a. synchronous condensers at receiver end each require 
i,000 kv-a. to start. 

er no-load conditions, 137,000 volts at generator rises to 150,000 
qts o/fc receiver. 

rging current is 90 amperes at 137,000 volts, equals 21,500 kv.-a. 
y amperes reversed excitation necessary to bring generator “ down on 
ie ” to zero potential, no-load condition. 

rer factor of generators is high, being above 95 per cent the greater 
art of the day. 

rent is unbalanced approximately 12 per cent under no-load conditions 

a account of the conductors being in horizontal plane. 

ler normal load conditions, this 12 per cent is reduced to approxi- 


lately 2 per cent. _ 

otential of 4200 volts is induced in a dead section of the duplicate line 
00 miles in length, distant 82 ft. center to center, 
e loss at full load is 9 1/2 per cent. In addition there is 5 per cent 

>ss in transformers, auxiliaries, etc. 


Data on Big Creek Transmission Line 

\tral: 

,ength, 240.41 miles power house No. 1 to Eagle Rock substation, 
s 0.74 mile tap to power house No. 2, total 241.15 miles. 

Voltage, 150,000 volts, 50 cycles. 

dumber of tower lines, 2. 

sfumber of circuits per tower line, 1. 

Capacity of each circuit, 57,500 kw. at 0.85 power factor for 11 per 
.t regulation, using two synchronous condensers. 

\ht of Way: 

Yidth of right of way, 150 feet, 
separation of center lines of tower lines, 82 ft. 

wers: 

Mormal spacing in valleys where no sleet occurs, 660 ft. 

« « « “ “ sleet occurs, 550 ft. 

Maximum span, 2871 ft. (Sunland), 2776 ft. (Kings River). 

Maximum span on standard towers, 1822 ft. 

Maximum angle on standard towers, 0 deg. 49 min. (Normal span no 
et 1 1/2 deg. plus wind). Insulators take 45 deg. position. 
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Maximum angle on anchor towers, 48 deg., designed for 60 deg.; 
114 deg. 2 min. under special conditions at tower No. 1. 

Total number of towers, both lines, 3388. 

Average number of towers per mile, single line, 7.08 


Classification 

Standard 

Anchor and Angle 

Special 

Weight above foundation. 

4300 

6450 

4485 

Weight of steel footings .. 

1305 

1605 

13Q5 

Total steel per tower. 

5605 

. 8055 

5790 

Spread at base with line. 

« « tt .. 

across line 

20 ft. 

18 ft. 

24 ft. 

24 ft. 

20 ft. 

18 ft 

Height above ground to 



insulation support.. .. 

43 ft. 

37 ft. 

t 

43 ft. 


Unit Stresses: 

Tension = 20,000 lb. per sq. in. 

Compression — ---lb. persq.'in. 

L 

toi corner posts, 125. 

L_ 

^ for bracing, 175, except where a larger value is approved by the 
purchaser. 

Minimum thickness of members, 3/16 in. 

Unit stress in bolts: 


Shear.15,000 lb • per sq. in. 

Bearings.30,000 lb. per sq. in. 


Design Assumptions: 

Standard Towers: 

(1) Windload, 22 § lb. per sq. ft. of exposed area, with or at right angles 

to the line; wind pressure simultaneously applied to both faces of tower 
and ? 

(2) A pull in the direction of the line of 4250 lb. at the points of sup¬ 
port of two adjacent conductors pulling on the same side of the tower, and 

(3) A vertical load of 1000 lb. at each conductor support where con¬ 
ductor is unbroken, and of 530 lb. at each ground wire support, and of 
500 lb. if conductor is broken, and 

(4) A wind load of 600 lb. at right angles to the line at each conductor 
support where conductor is unbroken, and of 300 lb. at right angles to 
the line at each conductor support where conductor is broken, and of 500 
lb. at each ground wire support. 

The above loads are simultaneously applied. 

Ground wire support designed to withstand an unbalanced pull of 5000 
lb. in the direction of the line. 
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Anchor and Angle Towers: 

Anchor and angle towers are designed for each of the following groups 
of conditions, only one of which groups is to be taken at a time: 

I. (1) A wind load of 22J lb. per sq. ft. of exposed area, with or at right 
angles to the line; wind pressure applied simultaneously to both faces of 
tower, and 

(2) A pull in the direction of the line of 8000 lb. at each of the three 
conductor supports, on either side of tower, and of 8000 lb. at each ground 
cable support, and 

(3) A vertical load of 500 lb. at each of the three conductor supports 
and of 265 lb. at each ground cable support, and 

(4) A wind load of 300 lb. at each of the three conductor supports, 
and of 250 lb. at each ground cable support. 

II. (1) A wind load of 22| lb. per sq. ft. of exposed area, with or at right 

angles to the line; wind pressure applied simultaneously to both faces of 
tower, and 

(2) A pull at right angles to the line of 8000 lb. at each of the three con¬ 
ductor supports, and of 8000 lb. at each ground cable support, and 

(3) A vertical load of 1000 lb. at each of the three conductor supports 
and of 530 lb. at each ground cable support, and 

(4) A wind load of 600 lb. at each of the three conductor su pports and 
of 500 lb. at each ground cable support. 

Number of conductors supported by each tower, 3. 

Arrangement, in same horizontal plane. 

Number of lightning ground wires, one at first; space for two if needed. 
Smallest size angle iron used, If by If by 3/16 in. 

Conductor: 

Material, aluminum with steel core; steel double-galvanized. 


Composition 

No. strands 

Cir. mils 

Weight 

Elastic 

limit 

square 

inch 

Ultimate 
tensile 
strength 
sq. inch 

Metals 

per 

mile 

per 

foot 

Aluminum. 

54 

7 

605,000 

78,500 

2940 

1118 


13,000 

26,000 

Steel. 

• • • ■ 



* • • • 

115,000 

195,000 

Total. 

61 

683,500 

4058 

0.77 


33,600 


Total resistance 35 ohms per leg. 

Maximum working tension allowed—13,000 lb. per sq. in. in aluminum. 
Stringing tension at 80 deg. fahr. 


Ice allowance..3130 

No ice allowance.4740 


Type of joints, McIntyre sleeve on steel inside of compression aluminum 
sleeve. 

Ground clearance: 

On right of way 
At crossings... 


25 ft. at 140 deg. fahr. 
Legal, as required. 
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Ground Wires: 
Number per tower, 1. 


Size, § in. 7-strand. 

Material, Siemens-Martin steel. 


Breaking tension, 13,000 to 15,000 lb. 

Maximum working tension allowed, 6500 lb. sleet-2100 ft. span; 5500 
lb. no sleet. 

Insulators: 

Number, 190,000; 58 per cent of which are on dead ends. 


Type, 2565-P Locke. 
Diameter, 10 in. 

Dry flash-over voltage 
Wet flash-over voltage. 


590,000 suspension 
720,000 anchor. 
420,000 suspension 
420,000 plus anchor 


9 disks • 


Routine Tests: 

First test per disk, electrical, flash-over voltage. 

Second a “ “ mechanical, flash-over voltage, 5000 lb., a er 

first clcc 

Third a li (t electrical, flash-over voltage 5 min. after me¬ 

chanical. 

■Ultimate tensile strength, 10,500 lb. 

Maximum working tensile loading allowed, 4250 lb. 

No. of disks used per chain, straight line, 9 

« « « « u u dead end, 2 x 11 =: 22. 

Two chains are used in parallel on all dead ends to divide mechanical 

load. , 

Distance center to center of insulator, 5t m. . 

Two telephone circuits on an independent pole line 300 miles long. 
Resistance per circuit 4000 ohms. Storage batteries used on trans¬ 
mitters, and power-driven machines for ringing. ^ . 

Eleven patrol stations are necessary, each requiring an equipment ol 

tools and material weighing 10 tons. 





1914] 


DISCUSSION AT SPOKANE 


1295 


Discussion on “ Some Operating Conditions of the 150,000- 
Volt Transmission System of the Big Creek Develop¬ 
ment of the Pacific Light & Power Corporation,” 
(Woodbury), Spokane, Wash., September 10, 1914. 

J. Harisberger: There has been considerable discussion 
as to the necessity of synchronous condensers on this system. 
I would like to know what actual practise in the operation of the 
system has brought out; could the system be operated satis¬ 
factorily without the use of synchronous condensers? 

Mr. Woodbury’s paper states that under conditions of short 
circuit the waterwheel governors shut off water before any appre¬ 
ciable change of speed can take place. I had the impression that 
the contrary would take place, that the governors would open 
up the gates. 

I would also like to know if there are any transpositions in 
either of the transmission lines? 

J. B. Fisken: One thing that struck me in listening to Mr. 
Woodbury’s paper was the apparent success of the preliminary 
work. If all the work that Mr. Woodbury has told us of, has 
developed only the troubles he describes since the line was con¬ 
structed, I think he is entitled to congratulations. I am reminded 
of an experience we had here eleven years or so ago when we 
first put into commission the line from Spokane to the Coeur 
d’Alene mines at 45,000 volts; none of us ever had the experience 
of seeing a line in operation at 45,000 volts; we didn’t know what 
was going to happen, and inquiries were made as to what we should 
look out for. We were advised that all we had to do was to 
patrol the line and if the patrolman heard any insulators making 
any noise it was a sign they were defective. The noise was 
described as like the noise of frying steak. We energized the 
line and every insulator in that line sounded like frying steak, 
but there was not a single case of trouble; that of course was a 
comparatively low voltage. 

It occurs to me that it might be possible to improve the operat¬ 
ing conditions by adjusting the voltage so that for the greater 
part of the day the synchronous condensers might be cut out. 
The load factor is high, and I would like Mr. Woodbury to tell 
us whether it would be a practical operating proposition to cut 
out the synchronous condensers say from about six o’clock in the 
morning until eight o’clock at night. Of course, the only ad¬ 
vantage of that is that it is a little less for the substation at¬ 
tendants to look after. 

Another point on which I would like to hear some discussion 
is the method of tying down the conductors to prevent uplift in 
cold weather. In the line described by Mr. Woodbury, they use 
two strings, one of which would be in tension in hot weather and 
the other in tension in cold weather. In our tower line, we have 
only one short tower line, we use two dead-end insulators for the 
same purpose, and it would be interesting if we could get discus- 
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sion on that and try to formulate an idea as to which is the better 
one. 

One other thing I would like Mr. Woodbury to tell us about; 
that is, whether they use any resistance or reactance in the ground 
connections or whether it is a dead ground. 

A. A. Miller : I have one question I would like to ask Mr. 
Woodbury. He mentioned the fact that in the 100-mile section 
of transmission line an induced potential of 4200 volts exists to 
ground. How frequently is this 100-mile section grounded when 
repairs are being made, at one place or more than one place? 

M. H. Gerry, Jr.: The achievement of operating a line at 
150,000 volts is a most creditable one and indicates in a marked 
degree the great progress in electrical transmission made in the 
last twenty years. This is a comparatively short time for the 
development to take place from potentials around 2000 or 3000 
volts up to 150,000 volts or even more. It was my good fortune 
to be connected with the transmission business during the early 
days, some seventeen or eighteen years ago. About that time we 
built a system in Montana and began operating at 50,000 volts. 
It was then impossible to get a manufacturer in this country to 
endorse that voltage or unqualifiedly guarantee the transforming 
apparatus. I remember that we made a compromise by arrang¬ 
ing to drop to half voltage if anything serious happened. As a 
matter of fact, a good many things did happen, but nothing oc¬ 
curred to disprove the general principle that high voltage was 
desirable and essential for long-distance transmission of power. 
It is rather an interesting fact that high-voltage transmission was 
developed in the West; the reason being that it was essential to 
accomplish the results under the existing conditions, and for the 
further reason that Western engineers and Western men generally 
were free from prejudice and were accustomed to undertake prob¬ 
lems and seek solutions without regard to what had been al¬ 
ready accomplished, provided that there seemed to be no good 
reason why it could not be done. As I have already said, we 
constructed in that early day a transmission system between the 
Missouri River, near Helena, and Butte, a distance of about 
sixty-five miles, operating at 50,000 volts. This system trans¬ 
mitted a large amount of power and was a success from the start. 
A few years later the pressure was raised to 70,000 volts, and now 
in the same vicinity there are lines operating at 100,000 volts and 
transmitting power up to 150 miles. My experience with all 
these lines has been most satisfactory. The troubles were few and 
mainly of a mechanical nature. Of course it took several years 
to analyze the insulator problem and to determine the necessary 
conditions in that direction, but to-day there is practically no 
electrical trouble on transmission lines on the Montana systems. 
In our part of the country the transmission lines in places reach 
considerable altitudes, and I would be interested to know the 
maximum altitude reached on the lines described by Mr. Wood¬ 
bury. 
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E. Woodbury. Five thousand feet. 

M. H. Gerry, Jr.: In Montana the lines sometime reach 
altitudes around 7000 ft. In such high altitudes there is some 
evidence of loss at the highest voltages, but as it is local it does 
not affect the general result. Most of the transmission lines in 
Montana are of wooden pole construction up to about 70,000 
volts; at higher pressures the lines are mainly on steel towers. A 
very large amount of power is handled in this section, the princi¬ 
pal transmissions being from points near Helena and Great Falls 
to Butte and Anaconda. The principal load is in the form of 
induction motors but there are also a number of synchronous 
motors used for operating air compressors and direct-current 
motor-generator sets. Every conceivable kind of load is handled 
on the Montana system; power, railway, lighting and all kinds of 
industrial applications to which electrical current can be applied. 
All the lines and power plants are now in one great-system and 
but little trouble is experienced with regulation or with inter¬ 
ruptions of service. 

V. H. Greisser: I would like to inquire of Mr. Woodbury 
whether any extended tests have been made regarding the dis¬ 
tribution of potential on the separate units and across the string 
of units of the insulator, and in general what was found. Also 
whether any tests have been made regarding the question of what 
we might perhaps call aging of insulators. 

E. Woodbuiy: Mr. Harisberger and Mr. Fisken and Mr. 
Fraser have all asked about the same questions, about whether or 
not the condensers were necessary. I think you will find in the 
first part of the paper it says that the inherent regulation of the 
line is from 10 per cent above to 20 per cent below power house 
potential. I think that the principal excuse for the condensers 
is the remarkable regulation that they afford us. With the con¬ 
densers in the receiving station we hold the voltage exactly where 
it is wanted at all times of the day and night, without any refer¬ 
ence to what the power house is doing. When we first started 
up, the telephone line was not complete and we operated for 
about thirty days without any telephone line, and we gave very 
good service. The two condensers are 15,000 lcv-a. each, making 
30,000 kv-a. of leading component, which is required a good part 
of the day. Now, that would have to be supplied elsewhere or 
else the power house voltage would have to be raised to about 
175,000, which would be approaching the limits of corona loss. 

The matter of using steam turbo-generators for condensers is 
quite feasible, as Mr. Fraser mentions, but with us we have the 
vertical type and of course it is out of the question to separate the 
generator from the turbine. 

We are also informed that we should not run the turbines with¬ 
out having steam on them, so there is some expense to produce 
enough steam to keep them in operation even though they are 
carrying wattless current. 

Mr. Fisken’s question about not running the condensers from 
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6 a.m. to 8 p.m.—Now, that is the time we need them the most. 
This curve in Fig. 3 only shows the kilovolt-amperes of one con¬ 
denser, because at that particular time the other condenser was 
shut down and turbines in the steam plant were supplying 15,000 
kv-a. wattless component, so you can see that from about 7a.m. 
the condenser is up to almost 1300 amperes, which is 15,000 kv-a., 
and it runs right through with a drop at the noon hour; otherwise 
if we did not have the condensers the power house voltage would 
go up to 175,000 or so with the constant difficulties in regulation. 

Mr. Miller’s point about the line 100 miles or so long having 
4200 volts induced potential—before we ground either end of 
that 100-mile section, we make a static voltmeter test to get the 
true potential, and find it 4200 volts, and when we ground the 
other end, it drops to about 500, and then we put another ground 
at this end. Also the linemen all have positive instructions to 
put their ground on before doing any work. 

In.regard to Mr. Greisser’s question concerning the stress on 
the different units, we have never made any tests on that, but 
there were some made at the time the insulators were being manu¬ 
factured when they were tested for flash-over, etc., and I don’t 
know just what means they had of determining what the stresses 
were, but we got the report that the stresses were very uniformly 
divided, which does not seem to agree with some articles I have 
readjand papers presented before the Institute. Of course, as 
to the aging of insulators, we have not been operating long enough 
to know about that, as we have been operating only about ten 
months. As to the mechanical stress, they will stand about 
10,000 pounds and we use two strings in parallel, so that the stress 
is divided, about half of the stress is on each string, and normally 
there will only be about 5000 pounds altogether, only about 
2500 on each string, but they will go as high as 8000 or 10,000 
lb., so that would be 4000 or 5000 on each string. Long spans 
of course are strung the same as the short ones, all pulled up with 
the dynamometer to the same tension. 
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A DISTRIBUTION SYSTEM FOR POWER PURPOSES 


BY F. D. NIMS 


Abstract of Paper 

The paper describes the distribution system of the Western 
Canada Power Company, Limited, touching on the overhead and 
underground systems in general. It describes the advantages 
obtained by duplicating lines, both for eliminating outages and 
from a financial standpoint. Mention is made of the advantages 
obtained by using a steel-taped lead-armored cable placed di¬ 
rectly in the ground, figures showing the exact cost of such an 
installation being given. 


I N laying out a distribution system for power purposes 
primarily, instead of a lighting or combined power and 
lighting load, several differences are encountered which lead 
to a much simpler and less expensive system. It is my purpose 
to describe the system of the Western Canada Power Company, 
Ltd., of Vancouver, B.C., giving some of these points in detail. 

This company has its power house at Stave Falls, B.C., 
about 35 miles (56.3 km.) east of Vancouver, distributing power 
to Vancouver and the surrounding districts. The power house 
is located nearly in the center of a somewhat sparsely settled 
district containing several fairly large industries scattered 
throughout it at a maximum distance of 18 miles (28.9 km.) 
from the power house. A line leads south to the international 
boundary at Sumas, Wash., where it feeds a line of the Puget 
Sound Traction, Light and Power Company, of Bellingham, 
Wash., supplying 5000 kw. at 60,000 volts. This line is wood 
pole construction, single circuit, with pin type insulators, the 
conductor being a No. 0 equivalent steel core aluminum cable. 
The average span is 250 ft. (76.2 m.) and the maximum 970 ft. 
(295.6 m.) Arm pins are of the saddle type, made of one-in. 
(2.54-cm.) galvanized channel iron, no bolts going through 
the arm. The two legs of the pin are bolted together just above 
and below the arm. On angles, a small lag is screwed into the 
arm as a heel. This type of construction is shown in Fig. 1. 

A steel-tower line, carrying two circuits of No. 0 hard-drawn 
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stranded copper with hemp center, runs from the power house 
for 33 miles (53.1 km.) to the receiving station at Ardley, lo¬ 
cated half way between the cities of Vancouver and New West¬ 
minster, and practically at the center of gravity of the industrial 
load. At Ardley, power at 60,000 volts is delivered to the 
British Columbia Electric Railway Company, Limited, which takes 
the current into Vancouver, where it parallels with that com¬ 
pany’s own system. Ardley station also steps the voltage from 
60,000 down to 12,000, at which it is distributed to Vancouver, 
NeW Westminster and th,e surrounding district. The standard 
steel tower is shown in Fig. 2. On account of difficulty encoun¬ 
tered from sleet and snow during the winter of 1912-13, the 
middle arm was extended, and Fig. 3 is a view of the same 
tower as it stands today. , 

All 12,000-volt lines are on wooden pole construction and 
carry, as far as possible, only one circuit to the pole, it being 
our belief that better service can be provided through making 
each circuit loop back to the transforming station by an en¬ 
tirely different route than to duplicate circuits on a single pole 
line; where more than one circuit is on a pole line they are 
generally considered and operated as a single unit. This method, 
by proper sectionalizing of the lines, reduces the chance of out¬ 
age to a minimum, and when work is being done on the line, or 
stumps are being blasted, a short section can -be isolated and 
killed so that linemen are absolutely protected from adjacent 
circuits; or if a piece of stump is blown into the line, no short 
circuit is occasioned which burns off the conductors. 

Aside from the power house and main receiving station, no sub¬ 
stations *are used, as there are no voltage regulators or similar 
apparatus which require attention. Transformers are generally 
placed on pole racks and operate as ordinary distribution trans¬ 
formers. Figs. 4 and 5 give a typical example of such a rack. It 
carries three 50-kw. transformers stepping from 12,000 to 2300 
volts. Switches are either oil-break, pole type, or a combination 
fuse and disconnecting switch mounted on the pole. The company 
has designed and builds in its shop such a switch, which answers 
the purpose exceedingly well and costs very little. 

Patrolmen are stationed at important switching points so 
that these switches may be operated quickly in case of emer¬ 
gency. Fig. 6 shows an installation of three 333-kw. 12,000- 
to 2300-volt water-cooled transformers in the outskirts of the 
city of Vancouver. These transformers are indoor type so that 
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Pig. 1—Pole on Bellingham 60,000-Volt Line, Showing Saddle 

Type Arm Pin 
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Fig. 4 —Open Air Rack Carrying Three 50-kw. Transformers, 
12,000—2300 Volts. Operated with Pole-Top Switches 
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Fig. 6 —Rack Carrying Three 333-kw., 12,000 — 2300-Volt Wa 

Cooled Indoor Type Transformers 
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Fig. 7—Cables Showing One End Ready for Joint 
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Fig. 7a—Joints with Connectors Soldered 
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Pig. 7 B ij 0 iNT with One End Wiped to Lead Sheath of Cable 
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Fig. 7c—Straight Joint Box, Partly Filled with Bitumen, 

for Cover 



Fig. 7d—Joint Completed 



Fig. 8—Tee Joint Half Full of Bitumen 
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Fig. g—S ection Box in Place and Outer Form Ready for Pour¬ 
ing Concrete 



[nims) 


F IG . 10 —Section Box Showing Porcelain Compartments and 

Copper Links 
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.v necessary to roof them over with galvanized sheeting. 

}\x v/fr for cooling is taken from the city mams. The view is 

■fs V* vf// . . .. , . ■_JjB/.nnnoi'tme' SWltC.heS. Ollt- 


Ax v/ >r for cooling is taken irom uue ul, —- --- 

Vv^the 2300-volt side, showing the disconnecting switches, out- 
Vw* type oil switches, cable terminals and cables with their pipe 
mtion. A patrolman, who lives in the vicinity, visits the sta- 


fWaction. A patrolman, who lives m me , - — — 

^periodically and adjusts the flow of water through the cooling 
V V ^ some cases, where a mill or factory has sufficient electri- 

^vU^pparatus of its own to warrant the employment of a skilled 
Adrian water-cooled transformers are installed m a small 
A4SS iron building. In short, the entire Id 000-volt sys- 
handled in the same manner as a 2300-volt system, ex 
tha t a circuit must be killed for a man to work on it. _ 
distribution in the cities of Vancouver and New Westminster 
W 2300 volts by means of steel-taped and lead-armored cables 

f directly in the ground, without conduit or other protection, 
<^^At where crossing railway tracks or busy streets, where 
duct is laid to facilitate the pulling out or replacing of a 
without interruption to traffic. A trench is dug 30 m. 
r ^ a cm.) in depth, and of a width corresponding to the number 
Sables to be laid, (cables in place are from 4 to 6 m.-lCto 
C era. —apart) the cable is reeled out and dropped directly 
the trench. Joints are made by joint boxes, which cover 
hw. same character of joint that is made in the ordinary lead- 
o rt/ered cable, the space between the lead and the box being 
firmed with ordinary bitumen, the box serving as a protection 
the lead and also clamping the steel armor on both sides of 
tlne joint, providing electrical conductivity m the steel as well 
a.s mechanical strength in the cable as a whole. Fig. 7 shows 
fi-^re views of making a straight joint; the first showing the ca e 
wibh one end ready for the joint, the armor having been stripped 
t>a.ck the lead cut back and the conductors separated. FigAA 
show’s the joint as made with copper sleeve connectors. Fig. 
7 "b shows the joint with one end wiped to the lead sheath of the 
cable. Specially refined bitumen is poured through the holes 
in the lead sleeve after the ends are wiped, and the holes then 
capped with lead. Fig. 7c shows the straight joint box, itself, 
with the cover off, half full of bitumen, and Fig. 7 d the com¬ 
peted joint. Fig. 8 shows the lower half of the joint box 
in. t h e trench. Taps are made in a similar manner by means 
£>t a three-way box. At frequent intervals section boxes are 
Placed in the line, these boxes being 18 in. (45.6 cm.) below 
^ r ound level in a small manhole, or, more properly, handhole. 
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These holes have, as a bottom, a pad of concrete on which the 
box rests,, the walls being circular and of cast iron; the entire hole 
being 26 in. (65 cm.) in diameter. The walls are flanged to 
take an ordinary cast manhole plate, which is used as a covering, 
these being flush with the street. Pig. 9 is a section box and hand 
hole with the steel form around it ready for pouring concrete 
After pouring, the form is slipped off and the earth tamped 
m up to the concrete. The box has a bolted top which can 
easily be removed, and the copper links, which are set in porce¬ 
lain compartments, can be taken out by means of wooden tongs. 
These boxes are used to isolate sections of cable when necessary 
to make new taps or work on the live conductors in any way, 
and also as interconnecting links between various cables, givinv 
as a result several rings or loops. Fig. 10 shows a view of one 
of these boxes before placing in the handhole. The bolted 
cover is removed, showing the porcelain compartments and the 
copper links. The bell is of brass with a lead sleeve wiped in 
which fits over the lead sheath of the cable and is then wiped 
to it. After the conductors are connected and the lead joint 
wiped the bell is filled with refined bitumen, through the plug 
holes left for that purpose. The split armor clamp is also shown 
on the right side of the box. 

Distribution transformers are placed either in vaults on the 
customers’ premises or on poles, in which case the cable is carried 
to the top of the pole, where it terminates in an outdoor 
type terminal. Secondaries may be carried either back down 
the pole in the same kind of cable or run overhead to the 
building. Where cables run up the poles an additional pro¬ 
tection is given by means of an iron pipe through which the 

cable runs. This pipe extends to a point about ten feet above 
the ground. 

The question of cost on such an underground system must 
be taken up in each individual case, for it will vary a great deal 
with the quality of soil, cost of labor, probabilities of taps, 
extensions, etc., but it may be said, in general, that in places 
where it is not required to lay more than four cables in a trench, 
the steel tape cable, laid directly in the ground, will be found to 
be cheaper than any of the other systems. As a typical example 
of actual costs the following gives an idea, the figures being 
taken from a job carried out in Vancouver during 1911-1912. 
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Size of Cable 

No. 00 

2 

6 

Amount laid, feet 
73,336.6 

560.0 

1,071.3 

Cost per ft., cents 
52.24 to 62.18 

42.5 

29.6 

Total cost 
$44,319.26 
238.00 
317.10 

TOTALS 

74,964.9 

60 cents average 

$44,874.36 

Pulling cable (including splicing straight joints) 80.04 per ft. 

_ 2,992.69 


T i* 6n c hi n g 

Unimproved streets 28,224.2 ft. @> 0.50 cts. per lin. ft. .... 14,112.10 

Macadamized 13,207.9 “ @0.58 “ “ “ . 7,660.58 

Plank walk 1,190.2 “ @0.58 “ “ *. 690.32 

Concrete walk 261.1 “ @0.95 u u u . 248.04 

Woodblock (con. base) 6,547.7 “ @0.95 “ u *. 6,220.32 

Brick Do.' 203.0 1.05 “ “ “. 213.15 

Stone Do. 4,302.2 « @1.10 * K “. 4,732.42 

Bitulithic pavement 1,095.8 “ @1.15 * “ “ 1,260.17 

TOTALS 55,022.1 0.632 average 35,137.10 

74 straight joint boxes @ $14.90. 1,102.60 

15 Tees @ 22.90. 343.50 

4 Outdoor terminals @ 29.00... . 116.00 

2 Inside terminals @ 10.15. 20.30 

8 End bells ..... 10.00 

Labor on terminals & joints (Not st. joints). 409.04 

6 railway crossings (matl. 140.22 Labor 94.86) v . 235.08 

96 street crossings (matl. 2440.18 Labor 1437.25). 3,877.43 

Additional excavation for changes in grade... 439.49 

Moving building material etc. 294.70 

15 section boxes, labor and material. 2,250.00 


TOTAL COST $92,102.29 

Cost per ft. of cable $1.23 
Cost per mile of cable $6483.84 
Feet of cable per ft. of trench 1.36 

No overhead charges or engineering are included in the above. 


Operating troubles have been few and far between, there 
having been, during two years’ operation, but three cases. Two 
of these were caused by city workmen making sewer excava¬ 
tions taking the cable for the root of a stump and chopping into 
it with an axe or pick. On one of the pieces of cable so damaged 
we found the marks, of 13 blows before the axe cut through to 
the conductor. The third case was a faulty joint at a section 
box which broke down the day after it w r as placed in service. 

A complete card system is kept containing records of all 
cable locations, joints, etc., and we installed our own hubs in 
the streets as markers, the city hubs not being well defined. 

This cable is practically a submarine cable, and in fact we 
have one length of 1500 ft. (457 m.) crossing the Pitt River, 
which has now been in service for two years without any trouble. 
The bottom on which it lies is fine silt or sand and there is a 
four-mile current caused by the tide. In another case it was 
necessary to cross a railway yard to furnish power to a pump 
located about 1000 ft. (304 m.) from the factory of the consumer, 
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the motor driving the pump to be controlled from the factory. 
As the expense of excavating for the laying of a cable would 
have been excessive and there was already a 12-in. (30.4-cm.) 
water main running from the pump to the factory, the cable 
was pulled in the pipe, the inlet and outlet of the cable being 
made through stuffing boxes. This has also proved very satis¬ 
factory. 

The cable is composed of stranded conductors insulated with 
paper, the three conductors being insulated again with paper 
as a unit before the lead is put on. In most of the cable in this 
installation the conductors are sector-shaped, so that there 
are no spaces to be filled with jute or other material and a smaller 
over-all diameter is obtained, for a given size, than is possible 
with the round conductor, thus requiring less lead, steel and 
jute, and making a cable lighter in weight. The lead sheath 
is | in. (3.1 mm.) thick and over this is wound jute yarn im¬ 
pregnated with tar. Outside of this jute are wound, in the 
same direction, two layers of mild steel tape 0.039 in. (1 mm.) 
in thickness and 1.5 in. (37 mm.) in width, so laid as to break 
joints. Over this tape is again wound yarn impregnated with 
tar. The over-all diameter of such a cable in three-core No. 00 
for 4000 working voltage is about 1.75 in. (34.5 mm.). 

One of the most important factors in the use of a cable buried 
directly in the ground, instead of being in conduit, is the ease 
with which heat can be radiated. Although the amount will 
vary somewhat with the character of the soil, it is safe to say 
that on this account an increase of approximately 15 per cent 
may be allowed in the current-carrying capacity over that in 
conduit. Exhaustive tests on this subject are now being 
carried out. 

In regard to the life of a cable installation of this sort, nothing 
definite can be said as yet. The writer has personal knowledge 
of a large installation which has been in service in volcanic 
soil in the City of Mexico since 1900, and no perceptible de¬ 
terioration has occurred, except where exposed to extreme elec¬ 
trolytic action, and in these cases it had a much longer life 
than lead cable in conduit in the same vicinity, due to the steel 
tape acting as a protection. 
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Discussion on “ A Distribution System for Power Pur¬ 
poses” (Nims), Spokane, Wash:, September 10, 1914. 

J. B. Fisken: It was my good fortune last year at the Pacific 
Coast Convention at Vancouver to see quite a good deal of the 
work that Mr. Nims had done with this ductless cable, i 
have noted some of the points on which I would like to hear some 
discussion. These are: the relative cost of ductless and duct lines, 
the use of the various insulations, such as paper, varnished cam¬ 
bric, and rubber, and the relative advantages of the wire of the 
shape he mentions as against round wire. 

It appears to me that this system of ductless underground cable 
is eminently suitable for distribution in residential districts, 
but I don’t see how it can be practicable in congested districts 
such as the business part of the various cities where you might 
have as many as thirty or forty cables in one duct line; it would 
appear to me that there would be many operating difficulties— 
or, rather, maintenance difficulties in keeping such a lay-out 
as that in commission. 

P. M. Lincoln: This matter of the kind of cables that Mr. 
Nims is using is probably the most interesting point in the paper. 

I ask first if he has any difficulty in locating faults and if.he 
can locate them so that he does not have to dig very much when 
he comes to find the fahlt and repair it; also I presume that this 
type of installation would not be at all applicable where you have 
to take up pavement to make repairs in that case I presume 

it "would be out of the question. , . , . - 

The question which Mr. Nims mentioned, of this being muc 
more capable of getting rid of heat, is an important one. When 
the Niagara Falls plant was installed 2200 volts was the voltage 
and it was considered high at that time 1893-4; those were 
3^40-kv-a.' generators, and there were ten of them, which gave 
a whole lot of current to take care of. That current was dis¬ 
tributed to' our various customers at 2200 volts and it was 
distributed through cables in ducts, and the problem of getting 
rid of the heat in those ducts was at that time and still is one ot 
the most difficult problems which has to be dealt with. I can 
assure you that any means of increasing the capacity of the cable, 
so far as the heat is concerned, appeals to me on account ot my 
experience there. We made many duct conduits in the early 
days, some of them as many as 36 ducts, and we found the cables 
in the middle of those many-duct lines would have an exterior 
temperature rise of 50, 60 or 70 deg. fahr. to begin with, some of 
them more than that, so that you can see that the problem 
of getting rid of the heat, particularly the heat in those con¬ 
ductors which ran in the interior ducts of the conduit, became 
a very serious one. They have even gone so far as to circulate 
water in some of the ducts in order to get rid of the heat, lhis 
is really an important problem, particularly where large amounts 
of power have to be dealt with at relatively low voltages. 

F. L. Rohrbach: Regarding the cost of underground systems 
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which would include a duct and manholes, I do not think there 
is any question but what Mr. Nims has used the cheapest method 
in his system at Vancouver; but I ask Mr. Nims if he has considered 
the case of using ducts and leaving out manholes (except those 
necessary for switching); also the use of lead-covered cables, and 
what that would mean. I suppose this cable could be exposed 
at points where the manhole would naturally be built, so that 
in case of trouble it will only mean digging down at each manhole, 
or where the manhole should be, and pulling out the cable that 
is in trouble. It would mean also that you could watch the size 
of your cable; and when necessary it would be easier to take out 
a small cable and replace it with a larger one. Now, I do not 
know exactly the difference in cost between this steel-armored 
cable and lead-covered cable, but judge it would be about ten 
cents per foot, that is, for the same size cable used with the steel 
armor and cable used in duct. Where you have three ducts in 
one line, they can be laid cheaper than three lines of single 
duct—I would figure the saving in cable roughly at ten cents 
a foot; thus lead-covered cable would be probably $7,300 cheaper. 
Another place you could save would be in the cost of the straight- 
joint boxes; that would be $1100 over the other method, as 
I understand these boxes are a means of connecting the armor 
on each side of the lead sleeve and keeping it continuous. 

I do not understand the items under the “ six railway cross¬ 
ings ” and “ ninety-six street crossings.” There are no lengths 
given and I have no idea what the total distance is. If they 
are ordinary streets of 75 or 100 ft. it seems to me the cost is 
high, as I understand that is where the wooden duct was installed. 
Of course I know nothing about the labor costs in Vancouver, 
but here in Spokane I would estimate that a single fiber duct 
surrounded with concrete could be installed for. about sixtee # n 
cents per duct foot, and wooden ducts for twelve or thirteen 
cents. Of course my idea in installing this lead-covered cable, 
in a duct throughout the whole system, as well as at crossings, 
is simply for the purpose of being ready to pull out in case of 
trouble; and I think Mr. Nims will find that if there is a break¬ 
down in the cable there will be some difficulty in locating the 
point of trouble. I have found that a good many Eastern 
companies in testing for trouble use what they call the “ cut- 
and-try ” method. That does away with any complex test. 
Most of them simply go out and cut the cable probably at the 
center and find out which half it is in and then trace it back. 
I think this would probably be the case, at Vancouver, although 
there may be some other method of doing it. There is one method 
which is used by simply putting a current on the conductor that 
is in trouble and then reversing the current. You go along in 
each manhole with a compass held close to the cable, and when 
you come to the point where your compass does not vary, you 
have passed the point of trouble and you know which section it 
is in; but you would be unable to do that with armored cable. 
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I suppose that Mr. Nims has certainly considered the conduit 
and manhole construction, and if he has. I would like to hear 
appro xim ately what the difference was m his estimates, and 
also if he has considered the duct alone, leaving out the manhole, 
because it would be a simple question to leave a four-foot section 
and have your joints there so that you could easily get down and 
uncover your cable. Of course I understand that by doing this 
you would have to cut your cable up in smaller pieces, have 
more joints, but you would get rid of making your additional 
ioints over your lead-covered, cable which you do with these 
straight joints. I think that here in Spokane I could come pretty 
close to this total cost, and put in a single duct, leaving out the 

There is another question: Mr. Fisken said something about 
a large number of cables. I think it would be entirely out o 
the question to put in many cables; in fact, I do not know but 
what four would be too many, and especially as the size ol the 
cable is not stated; for it would depend entirely upon the size 
of the cable. When you get a cable from about 1.2 inch to 1.7 
inch the additional cost of the armor runs^ tip considerab y, 
varying from ten cents if the lead sheath is 1.2 inches m diameter, 
up to 19 or 20 cents, going up very rapidly to 1.7. The cost ot 
the duct in fiber (fiber and cement) is about 16 cents; that is 
not including the trenching because I have taken for this es¬ 
timate that the trenching, is already done; I have only taken the 
cost of installing the duct, which will run from probably lb 
cents down to 10 cents, depending on the number of ducts. A 
wooden duct would be cheaper, possibly from fourteen down o 

seven or eight cents. # . 

The amount of heat dissipated by this cable is placed approxi¬ 
mately at 15 per cent over one working in a conduit. I would 
like to ask Mr. Nims if he has made this test, whether it is be¬ 
tween armored cable in a duct and armored cable m the ground, 
or whether it is between armored cable in the ground and load- 
covered in the duct. The additional insulating_ (jute) oyer the 
armored cable would probably cause an increase m heat of seven 
or eight per cent; that is, it would be harder to get rid of the 
heat due to the doubling, practically, of the insulation. 

And regarding electrolysis, there is no question that the armor 
would be some protection against electrolysis, but still if olec- 
trolysis was present the armor might give way and the tea 
would possibly be eaten up, or if electrolysis was not sumcien 
to eat away the armor it probably would not injure the lead so 

quickly. 

C. S. MacCalia: I had a little indirect experience some years 
a°*o in the system which was in the city of Sydney, Australia. 
The New South Wales government owns and operates the 
street railways in Sydney, which is a city of about three-quarters 
of a million; I happened at that time to be working for an 
American contractor who was installing a three-phase generating 
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apparatus and substations. The cable was placed by an English 
contractor; it differed from Mr. Nims’s cable and was consid¬ 
erably inferior to it; it had no iron armor and no insulation outside 
other than a little bitumen. The cables were laid in open 
trenches, I think about as many as eight in a trench, and were 
surrounded with a bituminous material and covered with treated 
plank. This cable was installed some months before the generat¬ 
ing apparatus was ready for operation, and when they came to 
put the current on we had all kinds of trouble; and when in¬ 
vestigated it was found that electrolysis had destroyed a large 
portion of the cable. If I had been the operating man at that 
time I would have been very thankful for a few ducts to pull 
out the cable. The whole city, which was largely paved, had to 
be dug up, the streets were tom up for some time, and the system 
had to be practically relaid. 

H. V. Carpenter: I have had a little experience along this 
line, and I might state one instance which shows the durability 
of the steel armor. We have one cable line across the college 
campus, in which the cable is laid about two feet underground; 
during the excavation for our new engineering building recently 
they got over the line too far, and I found them tugging away 
at the cable with a plow and team, but they hadn’t damaged it, 
so we moved it over out of the way. The cable showed no injury 
.at all. ' It seems to me that in cases of that sort, where it is in 
a park or some place where there is no pavement, and there is 
no danger of electrolysis or any of those things, the use of the 
buried cable is very satisfactory. 

Regarding the location of faults, I would like to say that the 
system which is now in use quite commonly by water companies, 
for locating troubles in pipes, could be used for locating faults 
in this cable. That is, put a current through the cable to the 
point where the fault occurs, and then take a coil with a good 
many turns on it and connect up the telephone receiver, walk 
along the ground over the cable, find the fault and dig it up and 
fix it. 

P. M. Lincoln: About that last-mentioned method of locating 
faults—I have had some experience with it. That very same 
scheme was tried by the Niagara Falls Power Company back in 
about 1896 or 1897, and the trouble we found was that the 
location of the fault thereby was not definite. There would be 
at the point of the fault a slight diminution of sound in the tele¬ 
phone, but you would hear the telephone still buzzing for five 
hundred feet beyond the fault, and we found that the location 
of the fault was so indefinite that we had to abandon that scheme 
and locate our faults by some other method. 

H. V. Carpenter: I think the accuracy with which that 
location could be made would depend considerably on whether 
het inductive coil was working by electrostatic action or by 
electromagnetic. If a current of sufficient strength is put 
through the cable to the point where the fault is located, so that 
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the action is not electrostatic, then the trouble would be located 

^ P. M. Lincoln: The influence of the cable upon the telephone 
is due to electromagnetic induction entirely, and the difficulty 
was undoubtedly 

the fault, followed the cable and got away into the ground rathe 
gradually and the telephone would not distinguish whether the 
current flowed in the copper conductor or m the lead sheath. 

Edward Woodbury: The paper states: Water for cool¬ 
ing is taken from the city mains.” I wonder if they waste that 
water or whether they attempt to save.it.. We have a small 
pump and cooling tower and the water is circulated; then tor 
an emergencv we have a city supply and in case the motoi stops 
mnning the city water is turned on automatically. 

G. B. Rosenblatt: Regarding water-cooled transformer , 

substations, I wonder whether, where Mr. Nims comes from, 
they have any trouble with their cooling system from freezing. 
The matter of climatic conditions might be of further mteres . 

I wonder how much freezing of the ground they have to contend 
with when they have any repair work to do in winter on the cable 

SyS Tohii Harisberger: The use of cables in trenches without 
ducts appeals to me, especially as to first cost, if it is not intended 

to make numerous connections. A 

The problem of cooling water for transformers has confronted 
most operating companies. Use of city water is expensive, an a 
cooling tower is not a perfect arrangement. . We have a rather 
novel arrangement in our Everett substation to prevent tie 
waste of water. There are two pipe lines, one at 125 pounds 
pressure and one at 80 pounds pressure. The water for the 
transformer cooling coils is taken from the 125-pound line through 
a reducing valve which reduces the pressure to 90 pounds, and 
is discharged into the 80-pound line. This arrangement has 

proved quite satisfactory. _ , 

One of the gentlemen mentioned a cut-and-try method for 

locating trouble in cables. I wonder if Mr. Nims had any facil¬ 
ities for sectionalizing his 60,000-volt overhead lines, such as 
pole-top switches. If pole-top switches are used, has he found 

them satisfactory? . 

L. T. Corbett: This paper relates to the actual engineering 

features of an installation for a definite purpose. We can ap¬ 
preciate a difference between the installation for power alone, 
and one for both lighting and power. When the lines are opened 
temporarily or the voltage fluctuates due to some heavy load 
coming onto a system of the latter class, there may be a good 
deal of trouble caused, and complaints will be heard from the 
lighting customers. On a purely power load the fluctuations 
are not so noticeable, and while shut-downs may cause incon¬ 
venience, this is not comparable with a similar one on a lighting 
system, and for these reasons certain economies can be effected 
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in the installation of such a system. Going still further, there are 
yet other systems which take greater liberties. ^ In the case of 
a private manufacturing plant, for instance, which is generating 
or even buying its power and distributing it through its own 
system, liberties are sometimes taken with standard construction 
which would not be considered at all by a power company serving 
an exacting public. In Mr. Cotton’s address which was given 
yesterday, we heard the term 11 near confiscation.” We have in 
such cases as these at times a condition of 11 near unsafeness, 
and the limit is quite often approached rather closely. 

I recently had occasion to make an estimate upon a system to 
use steel-armored cables, and found the cost to be somewhat 
more than that of lead cable and iron pipe conduit The differ¬ 
ence was not great, but it appeared to me to be in the wrong 
direction. 

As has been brought out, quite frequently tests are made so 
closely that one can locate a fault within a very few feet, if the 
data regar din g the length of line, distances, etc., are definitely 
known. In one or two of the cases just mentioned where 
the coil and telephone receiver were not successful, it occurs to me 
that possibly the reason for not locating the fault more closely 
might be this: If you have a large number of cables in a set of 
ducts, only one of which is faulty, your instrument will not be 
so sensitive as it would be in a case where there is but one cable, 
as in the campus system mentioned by Professor Carpenter. 

Paul Lebenb aum: Relative to the advantages of sector as 
against round conductors, I know of an instance in which an oper¬ 
ating company had a duct line that carried the maximum size of 
cable using round conductors, the number of ducts being limited by 
physical conditions. It being necessary to increase the capacity 
of this line, without resorting to a new route, cables of the sector 
type, having the same outside diameter as the round type, were 
substituted for the latter, and the desired increase in capacity 
was thus obtained. 

E. Woodbury: I ask Mr. Nims if a sector cable costs more 

than the ordinary round type. 

H. W. Carpenter: I ask how small size the sector cable is that 
is used; it occurred to me that if the sizes were carried down too 
low the comers of conductors would offer considerably greater 
tendency for electrostatic stresses to break through the insulation 
there than you would get with the round section. 

F. L. Rohrbach: There is one company that I know of 
which does not recommend making a sector cable in which the 
conductor is less than 1/0. They claim that conductors smaller 
than 1/0 are apt to cause too sharp bends or points, which 
introduce the corona effect and sooner or later cause the cable to 
break down. This same company recommends an “ oval ” 
rather than a “sector” cable, especially for the smaller sizes. 

These odd-shaped cables were first introduced for the purpose 
of sav ing duct space, and were therefore made in the larger sizes. 
For exam ple, a 4/0 three-phase 15,000-volt ordinary cable is as 
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large as you can install in a 32 -inch duct, but by making a 
“ sector ” or “ oval ” cable, you can probably increase the con¬ 
ductor to 350,000 cir. mils. For my part, I can see no_ reason, 
but rather an objection, for making a small size cable m these 
special shapes. My objection would be that you decrease the 
circumference of the lead sheath, and thus cut down the radiating 
surface. I think this cable used at Vancouver was made in 
“ sector ” shape mainly to hold down the cost of the armor. . 

M T Crawford: I ask Mr. Nims what types of lightning 
arresters are used on the 12,000-volt lines of the system and what 
operating success has been secured. On 13,000-volt distributing 
lines for rural light and power on Puget Sound we have m some 
cases installed horn gaps without resistance of any kind and set 
for about three times line voltage. This type of equipment is 
only installed on the ends of branch feeders into rural districts 
where it has been necessary to keep the cost of construction 
down. Electrolytic lightning arresters are invariably used on 
the busbars in the distributing station. As the 13,000-volt feeders 
frequently run underneath 55,000-volt lines for some distance 
after leaving the station, there is the possibility of accidental 
contact between circuits, as well as the trouble from lightning 
to care for. A short circuit on the ends of these light capacity 
13,000-volt lines will only trip the circuit breaker and cause a 
short interruption, which is preferable to damaging distributing 
transformers. I should like to hear other engineers ideas on 


"tills subiect. 

F. D. Nims: There is one portion of the paper 'which ap¬ 
parently I have not made sufficiently clear. _ At the bottom of 
pa°-e 1302 you will find it stated “ Where it is not required to 
lav more than four cables in a trench, the steel tape cable, laid 
directly in the ground, will be found to be cheaper than any o 
the other systems.” This does not mean to_ indicate tha 
would advocate the use of steel tape cable m all cases. In 
fact, for more than four cables in a single trench I would prob¬ 
ably put in a conduit system of some sort. I have a very vivid 
recollection of having trouble in a lead of 28 cables running 
out from a central station and the difficulties we experienced 

in tracing out the cables. . - - . ,« 

We find in testing for faults that the number of cables in the 

trench determines to some extent the accuracy with which 
we can find that fault. There is one method of testing which 
we are using at present which has not been mentioned, and that 
is bv the bridge-megger. We find that with this on a 2/0 cable 
weTi loTttSfa about 130 feet. We isolate the section o 
the cable which is in trouble by means of the section bo 
and test from both ends of the faulty piece. By this means 
we generally run our trouble down to within 75 or 80 feet. 
If there is a'ioint in the vicinity or if any digging has been going 
on we look Shat first, but if nothing of this sort occurs we 
open our trench near where the fault is located and test wi h 
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the “telefault.” We find this instrument very good when w T e 
can get close to the cable with the exploring coil, but we cannot 
work it satisfactorily through twenty or thirty inches of earth. 

As to repairs where cable is under the pavement; we have 
very little difficulty with that. After locating it requires a 
hole possibly three feet square to get down to the cable. The 
manholes or section boxes are used only for sectionalizing a 
cable or for cross-connecting cables. Everything is run out 
from the step-down transformers in rings or loops. 

In regard to the street crossings and railroad crossings men¬ 
tioned here, I will say that labor at the time the job was going 
on was costing $3.00 per 8-hour day. The duct under railway 
crossings, under the British Columbia laws, must be in concrete 
and that runs the cost up considerably. I will state in answer to 
Prof. Carpenter’s question that No. 6 is the smallest conductor 
we use and very little of that; almost entirely 0 and 00. 

Using city water for transformers costs us for a thousand- 
kilowatt bank of transformers about $8.00 per month. We 
have practically no freezing weather in Vancouver. 

I am unable to give any figures on the difference in cost 
between the sector shape and round conductor cable. At the 
time we purchased our cable we were unable to obtain a sector¬ 
shaped conductor anywhere in the United States or Canada, 
so bought in England, so that it came into Canada under a 
preferential tariff. Where we would have to pay full duty from 
the United States on round conductors, it is difficult to get a 
line on comparative costs. I believe that the sector-shaped 
cable is now being manufactured in the United States, but only 
recently. 

As for pole top switches for 60,000 volts, there is very little 
difficulty in installing them on steel towers, but on our present 
installation the line is so short that w T e have had very little 
occasion to use them. In fact it has been so seldom that we 
have found it about as easy to open the loop at a strain tower. 

Referring to Mr. Crawford’s question regarding lightning ar¬ 
resters: Electrolytic arresters are provided on the 12,000-volt 
lines where they have the station, but in no other place. We 
run these lines in some instances on the same poles with, the 
60,000-volt lines, but do not consider that with good construc¬ 
tion there is any probability of accidental contact, and believe 
that the possibility of such a contact is so remote as not 
to warrant expensive protection. 

In regard to electrolysis I will say that we have had practically 
no trouble with electrolysis in Vancouver, so that really up 
there we do not know much about it. We had a good deal of 
trouble in Mexico City with electrolysis due to the poor bonding 
on the part of the street railway company, but, as I have men¬ 
tioned in the paper, we found that the steel tape type of cable 
stood up very much longer than the straight lead cable placed 
in a conduit right alongside on the same street, one on each 
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side, originallv laid bv the two different companies which we 
took over. There was’the same electrolytic action, but we pulled 
out the lead cable about three years before I left there, the steel 
tape cable remaining, and in those 3 years we had no electrolytic 
trouble. There was a slight electrolytic action on the armor, 
hut not enough, in any way to destroy its effectiveness. What 
Professor Carpenter said in regard to the strength of the cable 
we have found in several instances. I know we have had wash¬ 
outs and would have possibly 40 or 50 feet of the cable lying 
out with no support whatsoever, and would try to get into it 
with picks, try to hack it with axes, and all sorts of things, and 
it has been a pretty hard job to get through it. 

We built a duct line, that is, going out of the station to the 
distributing system, at Mexico City. We had a fire some ten 
years or so ago when I first went there and my first job was 
to try and straighten out that tangle. When we tried to find 
out which cable was which it was almost hopeless, so finally 
while the service was interrupted we built a conduit run to 
take the cables outside the yard and got rid of the tangle. 
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ELECTRICITY IN THE LUMBER INDUSTRY 

BY E. F. WHITNEY 


Abstract of Paper 

The development in the application of electric drive to the lum¬ 
ber industry has been exceptionally rapid. Successful sawmill 
companies are now even operating entirely from central station 
service, notwithstanding the large amounts of refuse available 

£ or f ue l . 

The paper considers the lumbering industry as carried on in 
Washington and Oregon, and describes the application of elec¬ 
tric power to the various operations carried on under the two 
main divisions of logging and milling. Typical applications are 
described, to illustrate types of motors and power transmission 
equipments, and the average power demands of the various 
logging operations and milling processes. In addition to the 
machines used in ordinary sawmill work, those used in planing 
mills and shingle mills are described. The question of the dis¬ 
position of waste is considered, and comparative fuel values are 
given. The illustrations show logging operations and electric¬ 
ally driven saws, finishing machinery _ and lumber-handling 
machinery in the Pacific Coast lumber districts. 


T HE first comprehensive applications of electric drive in the 
different branches of the lumbering industry are of such 
recent date, and the individual installations vary to such an 
extent, that no general treatment of the subject could be under¬ 
taken until more well-defined practises were settled upon. 

Not more than four years ago a completely electrically-oper¬ 
ated sawmill was considered a hazardous undertaking, today, 
a new mill adopting other than the electric drive is the exception. 
The results of such operation have been so gratifying that today 
we can show two large and successful sawmill companies opera¬ 
ting entirely from central station service, in spite of the large 

amounts of refuse available for fuel. 

The first completely operated mill was put in operation abou 

1908; the total installation consisted of 800 h.p. connected 
load, with a generating plant capacity of 600 kw. The “St 
electric logging engine was put in commercial service m 19 • 

The electric railway, used solely for logging purposes, is ye 

to C0IX16. 

Before the above date many special machines—and often 
complete planing mills—were driven electrically, but none were 
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willing to pioneer such drives for the heavy duty sawmill ma¬ 
chinery required for Coast conditions. There is necessary today 
but one further step, viz., a drive for the cumbersome log car¬ 
riage that will compare favorably in first cost with the simple 
twin engine, and the necessity for steam will be entirely banished 
from the milling branch of the industry. 

The lumbering industry, as a whole, must be divided into two 
distinct classes of work for our consideration: logging and milling. 

Under the first heading we have the following operations: 
felling the trees: cutting to desired lengths: gathering from 
the woods: loading: hauling to distribution centers: unload¬ 
ing: sorting: rafting and towing. 

Under “milling” come the manufacturing plants and their 
various processes, which must be divided into: saw mills: 
planing or finishing mills: specialty mills. 

The Pacific Coast and Northwestern States, together with 
British Columbia, contain two-thirds as much standing timber 
as there is in the entire United States; Oregon contains approxi¬ 
mately one-fifth, Washington one-seventh and California one- 
seventh. In lumber production Washington, Oregon and Cali¬ 
fornia rank, respectively, first, fifth and fourteenth and their 
combined output is one-fifth of the total cut of lumber in the 
United States. The sawmills alone in these three states require 
approximately 240,000 h.p. for driving their mill machinery. 
Further than this, in the two northern Pacific Coast states, 
viewed from the point of manufacturing industries, the lumber 
production is of even greater importance; for instance, in 1913 
the value of the lumber mill output in Oregon was approxi¬ 
mately one-third of the total value of the manufactured pro¬ 
ducts in that state. 

Logging 

In the branch of the industry embraced under the heading 
“logging”, progress in the application of electric drive was very 
slow. It is only of recent years that power-driven logging 
machines have met with general favor, supplanting the old ox 
team. The flexibility of steam engines under the very severe 
demand imposed in such work, was thought to be an insur¬ 
mountable obstacle to the adoption of any other system; for 
instance, the loggers demand an equipment which can stand 
very heavy overloads momentarily imposed and which, at the 
same time, has flexibility enough to allow the progress of the 
log to be stopped almost instantly should it encounter an 
obstacle. 
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At the present time it is estimated that there are approxi¬ 
mately 3000 steam-driven logging engines in the two states of 
Washington and Oregon. Most of these outfits are twin- 
cylinder engines approximately 10 by 12 in. (25.4 by 30.48 cm.). 
The average operating boiler pressure is 160 lb. (72.5 kg.) gage, 
so that they have great capacity for intermittently imposed 
heavy overloads. From the viewpoint of electric operation 
this requires a motor which will seldom come anywhere near 
its continuous capacity, but which will frequently be called 
upon to exert its maximum torque. 

In these two states the operating companies total 532, with 
an output of 7,080,000 M. ft. (board measure) or about 23,600 
M. ft. (board measure) per day. The scene of their operations 
is often far removed from railroads; in the above operations 
the average .distance from the scene of logging operations to 
the mill or to tidewater, varies from one to 35 miles (1.61 to 
56.3 km.). The average distance is approximately 15 miles 
(24.15 km.). The maximum distance of which we have record 
that logs are handled by rail in either of these two states, is 
120 miles (202.1 km.), and by towing—after reaching tide¬ 
water—125 miles (210.1 km.). 

An added drawback to the use of electricity in the camps 
was discovered in the distance of the operations from the centers 
of power generation or present transmission lines. 

Logging operators demand the simplest possible outfit, which 
necessitates the adoption of alternating current for such work. 

The average cost to the logging company of logs at the boom 
is approximately $8.00 per M. ft. board measure. This is 


divided approximately as follows: 

Fixed charges.17 per cent 

Logging (including felling trees, gathering and 

loading).50 “ “ 

Hauling by rail.11 “ “ 


Handling at boom (including unloading, sorting, 

rafting and towing). 9 “ “ 

Stump age.13 “ “ 

We therefore see the great expense to the logger in felling the 
trees and gathering them from the woods, and in hauling 
them to tidewater. It is in connection with these two items 
that electricity has its greatest possibilities. 

There has been developed, for the logging engine, a motor 
which has all of the characteristics demanded, viz., heavy con¬ 
struction; ability to stand severe overloads; ease of control and 
no complicated parts. After exhaustive tests the Potlatch 
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Lumber Company put the first two electric logging engines 
into commercial operation in 1912*. These outfits operate on an 
overhead system, lifting the logs from the ground and letting 
them come in practically by their own weight in hillside work, 
or p ullin g them in when working in fiat country. Typical 
operating data are given in Mr. Barry’s paper. 


Motor Equipments 


The motor equipments shown in Figs. 1, 2 and 3 are adjustable- 
speed 150-h.p., 600-rev. per min. synchronous speed, 550-volt, 
three-phase, 60-cycle induction motors. Power is received at 
portable transformer substations—one substation for each equip¬ 
ment—at 11,000 volts and is stepped down to 600 volts for use at 
the motors. See Fig. 4. Rubber-covered armored cables run 
along the ground from the substation to the motor, the dis¬ 
tance never exceeding 1000 ft. (304.8 m.). 

In order to prevent mechanically over-taxing the equip¬ 
ments, an inverse-time-limit overload oil switch is set to give 
practically instantaneous operation when the pull upon the 
main cable reaches its breaking strain. For quickly starting 
or stopping and to prevent overwinding the cable, a solenoid 
brake is mounted on th'e front end motor shaft extension. 

These outfits are also called upon to load the logs on cars 
and to spot the cars, and even under these conditions the elec¬ 
trically operated outfits hold the camp record for a day s opeia- 
tion, viz., 55,000 ft. board measure, gathered and loaded by 
one logging machine in one day. This quantity is comparative 
only to this company’s other operations; the capacity of steam 
donkeys under similar circumstances is 40,000 ft. per day. 

The following table gives representative performance figures 


for the various operations: 

Work Performed 

Tightening standing line, 2800 ft. of 

1^-in. steel cable. 

Running trolley out. 


Input 

.260 kw. 

Accelerating, 100 kw. 
Running free, 35 kw. 


Duration. 
10 sec. 

40 to 60 sec. 


Pulling trolley in with logs; 

Hog, 800 ft. b. .. 

4 logs total 2000 ft. b. .. # 

3 « “ 1600 ft. b. .. 210 

1 log “ 1100 ft. b. .. 

1 « « 1800 ft. b. .. 95 

Loading logs on cars. m f x ‘ 199 

mm. 70 

avg. 85 “ 

,, . _. .max. 225 * 

. . min. 25_^_ 

*E. J. Barry— A.I.E.E. Proceedings, September, 1913. 


40 sec. 

65 “ 

60 a 
70 “ 

90 “ 

3 to 5 sec. 


3 to 5 sec. 
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PLATE XCVI. 
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Fig. 1—Front End, Electric Logging Engine 




[whitney] 


2- - Electric Logging Outfit Mounted on Skids at Scene of 

Operation 




















PLATE XCVII, 

A. I. E. E. 

VOL. XXXII!, 1914 



Fig. 3—First Trial Outfit, Using Standard Motor Equipment 

This outfit operated successfully under varying conditions for a period of three months, 
to obtain data for later applications. 



Fig. 4—Portable Transformer Substation, 11,000 to 600 Volts. 
Armored Cable Leading to Logging Engine at Left 



Fig. 5 —General View of Potlatch Logging Operation. Electric 
Logging Engine at Left, Substation at Right, [whitney] 
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In. all of the above operations the load is of short duration, 
so that the daily energy consumption is small. For a 10-hr. 
day approximately 400 kw-hr. are consumed gathering and 
loading 50,000 ft. b. m. Fig. 5 shows a typical logging 
scene in this country. Fig. 6 shows the type of equipment 
adopted by the C. A. Smith Lumber & Mfg. Co. It is intended 
for ha ulin g logs on the ground by the old method of “skidding”. 
The motor is wound for 2200 volts. This pressure has been 
adopted by t his company as most economical under its con¬ 
ditions, which require that it cover at least one mile in every 
direction from a distributing point, to several operating loca¬ 
tions. A permanent 60,000/11,000-volt substation in the 
center of its holdings will distribute to three or four 750-kw., 
11,000/2200-volt portable substatipns, each feeding one unit 
of its operations. 

Of late, a great deal of attention has been given to the use of 
oil fuel and coal, as well as wood, for logging engines, and in 
order to see the comparative operating costs the following figures, 
covering, fuel and labor for a logging engine only, have been 
prepared. These figures are based upon operations under sim¬ 
ilar conditions in the same camp and doing the same general 
work. 

Average quantity handled per day.76,200 ft., b. m.* 

u distance of yarding. 670 “ (204.2 m.) 

“ size log. 1900 “ b. m.* 

a time per log. min. 

u wood burned per day. 1650 ft. b. m.* 

a fuel oil per day. fS.8 bbl. (11,192 liters) 

« coa i per day.. 2i tons (2.245 metric tons) 

Electric power energy consumption. 475 kilowatt-hours 

Outfit working 70 per cent of time delays 30 per cent of time. 

_ ' _ \ - ■ i -i i „ i n .. 

*In lumber scale 1 ft. b. m. is the equivalent of a board 12 in. (30.48 cm.) 
long, 12 in. (30.48 cm.) wide and 1 in. (2.54 cm.) thick, or 144 cu. in. 
(2359.7 cu. cm.). The log scale considers all items of loss in manufacture 
and endeavors to allow for these losses so that the log estimate and lum¬ 
ber production may approximately agree. It considers loss due to saw 
kerf, defects in log, varying diameters at top and butt, etc. There are 
several rules used in different localities—one will under-estimate the lum¬ 
ber in small logs—another will under-estimate large logs and the third 
(which is rather generally used on the Coast) .gives a mean value, approxi¬ 
mating more closely conditions as found. The above values refer to log 
scale and therefore represent a greater cubical content than would be the 
case after same was manufactured into lumber. A very good comparison 
is given by the following: 

1000 ft. b.m. log scale weighs approx.8000 lb. (3628.8 kg.) 

1000'“ “ lumber scale (green lumber)... 3300 “ approx. (1497 kg.) 

t 1 bbl. oil = 336 lb. (152.4 kg.) 
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Electric Operation: 

475 kw-hr.' at lie. per kw-hr 
One motorman. 


$ 7.13 
3.75 


Total per day 


$ 10.88 


Oil Operation: 

-j-8.8 bbl. at $1.15 per bbl. 

Engineer. 

Water— (based on \ of pumping engineer 
consumption for pumping engine). 


.$10.12 

. 3.75 

’s time and i fuel 

. 2.67 


Total per day 


$16.54 


Coal Operation: 

2i tons at $4.25. 

Engineer. 

Water (see Oil Operation) 


$10.62 

3.75 

2.76 


Total.$17.13 (per day) 


Wood Operation 

1650 ft. b. m. at $7.00 per M 

# 

Engineer. 

One wood bucket. 

Water (see above). 


$11.55 

3.75 

2.75 
2.88 


Total per day. 

The fuel costs given above are arbitrary and are taken as 
general averages. It is questionable whether oil and coal can be de¬ 
livered to the donkeys for such a low price, considering all items— 
handling, storing, pumping, etc. Without doubt, the cost of 
fuel would be higher than the value assumed, in the majority 
of operations. The cost of wood for fuel is estimated as follows: 


Stump value.$2.50 per M. 

Logging cost.. 4 -00 

Extra cost for placing behind 
donkey. 0.50 

Total.$7.00 per M ft. b.m. 

The higher interest charge in the case of electric operation 
due to first cost of transmission line, substation, etc., is more 
than offset by the very much greater depreciation in the case 
of steam-operated outfits. No attempt has been made to cover 
this item for all cases. As a conservative estimate, however, 
the maintenance of a logging engine boiler 72 m. diameter by 
1441 i n . long, with 374 two-in. tubes, is not less than $ 200.00 
per year, and in view of the severe service its useful life will 

not exceed eight to ten years. 

Averaging the above costs for fuel and labor, with oil, wood 
and coal, shows a net saving of $7.35 per donkey per day m 
favor of electric operation. 

An electric unloader is used which dumps the logs from the 
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cars at tidewater. This is operated by a 37-h.p. hoist motor, 
and unit Jittis 30 cars* each containing 7000 ft . ban., in approxi¬ 
mately 20 minutes. This lime includes that necessary for spot- 
‘ g the ears at the log dump, This unloader used a total of 
kw-hr. for unloading 4000 M. it. 



Limitn ifi THCU3AHD nxr 

Pm. 7. Pkofilk ok Loom no Road No. 1 



y 'Mol h in f MOUfiAriO n i r 


Pin, H ..Pkowus OI* Loom no Road No. 2 




Loom no Railways 

nv typical condensed, profiles of two logging 
tile country 1o he tapped is rugged and 


, i leeeast. *.«* ***j. 


in* amtuinous 
Track cons! rue! ion is as 
grade is in favor of idle 1** 



avy grades and sharp curves, 
is possible, As a general rule the 
md in most eases very little energy 


is required on the dovv 
Because of the grades 


i or loaded trip. Oil is the common fuel, 
encountered slow speed locomotives find 
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a wide use, the slow schedule speed requiring train operation 
almost continuously during working hours. The lengths of 
these roads are usually very favorable to electric operation, 
allowing a round trip to be made in a reasonable time and not 

necessitating a train of excessive length. 

In only three of the thirteen counties in Washington and 
Oregon which produce 88 per cent of the timber in these states 
is the average length of haulage less than thirteen miles. An 
average of the thirteen counties shows a main line length of 
15.2 miles. The maximum grades are usually from 5 to 7 per 
cent for an appreciable distance, with curves up to 20 degrees. 
The average grade through the line is seldom less than 2^ per 
cent and spurs leading to the different camps have even heavier 

grades and sharper curves. . . 

An analysis of operation is very favorable to electricity, as 

will be seen by the following data, which give conditions of a 
typical road: 


General Data: ... 21* miles. 

Length of line. 

Average grade with, load and against empty cars. ^ per cent 

Maximum grade, including equivalent friction for 

. , o. o pci ccnx* 

^ ..:::. 4 f t.8*i*. 

Gage of track.*- „ 

Weight of rails.. 

Loaded cars to be delivered per day.. 

Weight of car empty. 50 tons 

« “ “ loaded. 

Operation 

- ... 60 tons. 

Weight of locomotive. 

Cars per train either direction... 

Total weight of train uphill, one locomotave. tn tons 

« « “ * downhill “ - ;••• ° 1U t0113 ' 

Total time for round trip without layovers or switch- ^ minutes . 

i n £>.*.*... 3 kr. 

Schedule time for round trip. 

Round trips per locomotive per day. 15 800 

Ton-miles per round trip... 19fi ’ 4nn 

« « “ day—8 round trips. L ‘T’ 

0,OUU 

« « switching.;. 6 110 kw-hr. 

Kilowatt-hours per day at locomotive. .. > kw-hr* 

« « « « from high-tension bus. 9,UoU kw i . 

Ave. load per day of 12 hrs. from transmission system 754 kw. 

Three locomotives are required for this service, two mam line 

and one for switching. . , . 

With 1200-volt electrification, two 500-kw. substations will 

care for the power demand. The total approximate cost of 

the locomotives, substations, transmission line, overhead, bond- 

ing and feeders is $190,000.00. . 19 ^ 

For similar operation with oil-burning locomotives, w 
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ton standard slow speed freight locomotives and four 50-ton 
Se:orred- type locomotives are required, and even with this equip- 
the train must be broken at the heaviest grade, neces- 
sita/ting a return trip for a portion of the empty train which 
s "fc£LX-ts from the terminal. 

The locomotives burn oil fuel, which costs approximately 
3&1 „ 15 per barrel for main line locomotives and $1.20 per barrel 
for switching locomotives at the logging camps. Electric power 
can "be purchased for 0.9 cent per kilowatt-hour net. 

Tlie following table of maintenance and operation, omitting 
blaose items which are approximately the same under the two 
conditions, shows a net saving of $20,068.00 per year with the 
electric railway: 



ELECTRIC 

STEAM 

Interest and depreciation. 

.$19,000 

1 9,200 

Maintenance. 

...... 7,168 

10,436 

Wages. 

. 10,200 

21,300 

Power or fuel. 

. 24,500 

38,500 

Supplies. 

. 1,500 

3,000 

Total. 

.$62,368 

$82,436 


Under “electric operation” the different charges cover both 
sub station and train operation. There are some items which 
ordinarily would favor electric operation—for instance, track 
maintenance has been considered the same in both cases and 
omitted from our consideration, since in logging railway opera¬ 
tions the greatest damage to the tracks appears to come from 
the swaying of the loaded cars, and not from the locomotives. 

■With steam operation, 84| bbl. of oil were used per day for 
main line haulage for the two 125-ton freight locomotives, and 
•two 50-ton shays, and 22.3 bbl. per day for the two 50-ton switch¬ 
ing locomotives. In this present instance the steam locomo- 
tives are taxed to their utmost capacity while logging operations 
arc being carried on at the near end of the timber holdings. 

It will be necessary within, a few years for this road to be ex- 
bonded approximately twelve miles further, the prevailing grade 
on the extended line being the same as at present, and an anal¬ 
ysis of the future conditions will show that four locomotives 
operating thirteen hours each per day will be able to care for 
tire output and the conditions will then be very much more 
favorable for electric operation. 
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Milling 


Under the first heading will come all that part of the manu¬ 
facturing plant which converts the logs into timbers or boards, 
including all operations—from taking the log from the pond 
until the rough manufactured product is sorted into its various 
dimensions and lengths, ready for storage or further manu¬ 
facturing. These operations may be divided into the following 
branches: handling the logs: sawing: trimming and sizing, 
disposing of refuse: sorting: storing or shipping. 

In order that the sawmill operator may more profitably dis¬ 
pose of his better grade stock, a finishing mill is a necessity and 
in reality such a more or less completely equipped mill is always 
understood to be included in the general term sawmill . 
The operations are so distinct, however, that it has been thought 
best to include the planing mill under a separate heading. 

In those mills which finish a large portion of their product, 
there is between the sawmill and planing mill a seasoning pro¬ 
cess, which we will term “treating”. This consists of arti¬ 
ficially drying the product before finishing it. Its object is 
to get the material to its ultimate seasoned dimensions before 
the final manufacturing operation. Those operators who must 
overcome the handicap of high freight rates secure an additional 
advantage in eliminating all excess weight due to moisture. 
Some specialty mills (shingle mills, for instance) resort to c ly¬ 
ing solely for the purpose of reducing weight. 

The treating process includes: stacking: drying: unstack¬ 


ing: sorting. . 

For economy of space, the material must be stacked m some 

uniform manner; industrial type fiat cars are generally, em¬ 
ployed, with mechanical means for loading the lumber upon 
these cars. With the old method of hand stacking, the capaci y 
of two men per day seldom exceeded 10,000 ft. b.m., which is 


approximately 2000 boards. _ , . , , 

When the electrically operated stacker is used, the boards 

are taken directly from the sorting chain and two men can 
care for from 45,000 to 50,000 ft. per day. The lifting arm 
of this equipment, which lifts each stack m position, 'Oge er 
with a short section of the conveyer table, is operated y a 
7-1-h.p. motor, belted to a line shaft and running continuously. 
The load factor is not more than 5 per cent. The peak when 
lifting the arm is approximately 12 h.p., while running 
mechanism light requires 2 h.p. 
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The dry kilns universally follow the old principle of steam 
radiator construction. The steam legs of the radiator are made 
up of a large number of small pipes, one in. (2.54 cm.) to 1§ in* 
(3.81 cm.) in diameter, which run the length of the kiln and con¬ 
nect to steam exhaust headers at the end. A typical dry kiln 
layout is shown in Fig. 9. It is common practise to admit 
high-pressure steam directly to the pipe. Of late years the 
vacuum system, taking exhaust from the mill engines at 5 to 
30 lb. (2.2 to 13.6 kg.) gage and exhausting into 20 to 25-in. 
(50.8-to 63.5-cm.) vacuum, has come into rather general use. 
Where high-pressure steam is used directly, a reducing valve 
which cuts the pressure to approximately 50 lb. gage isordinar-, 
ily inserted. 

It requires about 72 hours for drying planing mill stock, and 
six days for drying bundles of shingles. After the kiln has once 
reached a constant temperature approximately 1000 lb. (453.5 kg.) 
of steam per hour are required by the average kiln. 

In green lumber, 30 per cent to 40 per cent of the weight is 
moisture. The dry-kiln operation reduces this to from 6 per cent 
to 10 per cent after drying. The process is not carried further 
as there is no necessity of furnishing lumber drier than the air 
at the locality in which it is to be used. 

After drying, the lumber is unstacked and distributed to the 
finishing machines. The scheme for unstacking edge-piled 
lumber in most common use consists of an endless chain with 
hooks spaced about 10 ft. apart, running in vertical guides, 
these guides at the top being curved to direct the boards on to a 
conveying table. As the hooks revolve, they engage the bottom 
of the stack, lifting it from the car, and the top guides direct 
to a transfer table, from which it goes to the sorting table and 
is classified and taken to the finishing machines. This un¬ 
stacking device is driven by a 5-h.p. constant-speed motor and 
requires approximately 4 h.p. while lifting the stack and If h.p. 
running the lifting and conveying chains only. Its unloading 
capacity is approximately 60,000 ft. b.m. per day. 

Planing Mill 

Operations in this mill consist of planing or finishing the 
stock, trimming, disposing of refuse, sorting, tying or bundling 
and storing or shipping. 

The product of this mill comprises the highest grade lumber 
and is consequently given close attention. 
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Before planing, it is often necessary to do a small amount of 
re-saw work, but this is of a very light character, its purpose 
being to re-manufacture yard stock to supply the accumulation 
of orders for any one size of lumber. The refuse from this 
mill is the best fuel supply, since it is thoroughly dry. 

Specialty Mills 

Specialty mills are often valuable adjuncts in utilizing ma¬ 
terials which would otherwise be thrown away as refuse. Very 
often they have no connection whatever with sawmills and 
must purchase their material in the open market. In the 
following, therefore, we have considered only those specialty 
mills which have a direct connection with sawmills. 

Lath Mills 

Lath mills are always run in connection with sawmills and 
obtain their material from slabs and edgings which would 
otherwise go to the refuse burner or, at best, to the wood bins. 
The slabs are taken from the main refuse conveyer and go through 
the following processes: bolter: lath machine: trimming, 
bundling. 

Bolting consists of sizing the slab to the dimensions necessary 
for putting through the lath mill. The bolter may consist of a 
number of saws, therefore making several bolts at one operation, 
and requires about 7 \ h. p. per saw. 

The lath mill consists of three saws, making four laths of each 
bolt, and requires approximately 25 h. p ; The laths are then 
trimmed to 4-ft. (1.21-m.) lengths and tied in bundles of 50 or 100, 
after which they are ready for storage or shipment. 

Saw Mills 

In saw mill operations the work consists essentially in man¬ 
ufacturing a log to boards or timbers of a certain thickness, 
width and length, so in its elementary form only three machines 
to perform these functions are necessary. In the following, 
therefore, we will follow the progress of the work through the 
mill in its simplest form, afterwards returning to the auxiliary 
machines which have come as a natural result to increase pro¬ 
duction by performing some of the elementary functions faster 
or with greater facility than could be done with only the major 
machines. 

In driving the mill machinery, squirrel cage motors are used 
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i - 1 . 1 « because of their simplicity and strength, 

wherever possible, because 01 ^ n understood 

Unless specifically noted to the con rary, 1 motors are 

tW rnnstant-soeed, alternating-current induction motois a 

referred to. Practically all of the work is at constant speed^an^ 

in fact in sawing operations this is of prime impor anc • 

first installations, individual 

was used without question, thus, at one step, 

.. cW + aT1 d belting with all group drives, was entirely reversed, 

line shaft and belting, ^ belts and transmission 

in an endeavor to do away with s ’ standard All 

machinery entirely. Today, semi-group drive i; &tanda ' 

parts which work to the same end and arts clofa together■ 

^ j iiQiiallv embrace such devices as transicr , 

grouped. Groups usual y «nK amount of 

transfer chains, conveyers, etc., which require a c 
transmission machinery in any event, an ^ w J rki 

cally the same power when running i e driven. 

The milling machines themselves are m m Y • 

The power demands of the machines fluctuate so that i 

nracticSlv impossible to plan for other than the maximum de- 
practically P pncountere d For instance, an edger may 

mand which might be encountered x • board 

run on narrow material with two saws “'“o called 

and within five minutes, the same maehrn y 7 
upon to handle a 6-in. (15.24-em.) to U-m (3(h48-cnu) c , 
requiring four or five working saws, talang m_ the first plac 

'vnuroximately 40 h. p. and in the second place 350 h. p. 

£ th^following, wherever load factor is given, it is taken as 
load factor based£p 0 n the time of a working day._ Some mills 
opemte 2^ hours, while others run 10 hours, and it is there ore 
obvious that unless the actual working time for each day is ta x , 

the data will not apply u f™rs^Y- . sckeme of a modern 
Fig. 10 gives the general plant and yard sene 

Pacific Coast mill. The logs as delivered to the pond are o 
various lengths and so “ e performed more often when the 

''Cl in^wTer but sometinies done after they have 
logs Fig. 11 shows the saw used in the 

latter way The driving motor is a squirrel cage type, 10 h-P-. 
mTis in intermittently. Its load factor is not greater than 

6 to 7 per cent. 

Log Lift 

The logs are carried from the pond either by the old arched log 
haul or by the later log lift (Fig. 12) . In the first case an endless 
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[WHITNEY] 

Fig. 6 —Logging Engine of C. A. Smith Lumber and Manufacturing 

Company at Marshfield, Oregon 


[WHITNEY J 

Fig. 11—Log Saw on Log Deck in Mill. Control for Log Haul and 

Conveyer Chains shown at Right 
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Fig, 15 —' Ten-Foot Band Headsaw and Log Carriage at End of 
Travel. Board which has just been Cut is Lying on Live Rolls 
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[WHITNEY] 

12 —Log Lift with Log at Half Elevation 
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chain with hooks spaced several feet apart runs in a groove in the 
arched log haul structure, at a speed of approximately 
(15.25 m.) per minute. The driving sprocket is driven by a con¬ 
stant-speed squirrel cage induction motor, of abortt 35 t P-. 
through the necessary speed-reducing transmission i y 

See Fm 13 The motor runs continuously and the load is rown 
on or off by the friction device. The log lift is coming into more 
veneral use, because of the upkeep expense of the older scheme of 

10 A canal leading from the log pond is built into the head end of 
the mill, paralleling the log deck. Cables are attached to the edge 



of the log deck and fixed to hoisting drums overhead, allowing the 
loop to fall below the surface of the water in the canal. The logs 
are floated in and then hoisted, the natural angle of the cable 
as it becomes taut at the end of travel rolling the logs on the deck. 
An intermittent-duty hoist-motor, with reversible controller, 
drives the mechanism. The average load hoisted is 1500 ft. 
b. m. y weighing approximately 12,000 lb. (5443 kg.). The 
maximum will hardly exceed 6000 ft. b. m., weighing ap¬ 
proximately 48,000 lb. (21,772 kg.). 

The rate of hoisting with a maximum load is about 40 ft. 
(12.1m.) per minute; length of hoist 10 to 35 ft. (3.05 to 10.76 m.). 
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Common practise requires 37 to 52 h. p., depending upon 
the character of the logs handled. The load factor is approxi¬ 
mately 6 per cent. See Fig. 14, showing a cross-section of the 
head end of a sawmill at the head saw. 

The adjuncts of a log deck, viz.: “kickers ” and “‘ niggers/' 
used for turning the logs and pushing them on the carriage, as 
well as the log carriage itself, are usually steam-operated. These 
devices are uneconomical steam users, but their demands are 
not very great and they are very seldom a source of additional 
cost in boiler plant capacity. 



Fig. 14 —Section at Headsaw 


The duty of the log carriage, Fig. 15, is very severe, as may be 
noted from the following typical cycle : 


Average speed during cut.... ...250 ft. per min. (86.25 m.) 

of return (assuming single cutting mill) . .650 “ “ “ (198.25 m.) 

Total distance of travel one direction.20 to 60 ft. (6.1 to 18.3 m.) 

Average weight of carriage and log of 1500 ft. b. m. . .38,000 lb. (17 237 kg ) 

Maximum speed during cut.350 ft. per min. ’(106.75 m.) 

. linimum speed during cut. 100 ft u a (30 5 m ) 


From these we see that the retardation at the end of travel 
and the acceleration of return must be at very high rates in 
order to lose a minimum of productive time. 

The log after each cut must be moved up a definite amount in 
preparation for the next cycle. This is accomplished by the set 
works. A five-h. p. constant-speed induction motor mounted 
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on the carriage and running continuously provides the simplest 
means of driving this device. 

With direct current available, a series motor will prove more 
economical in energy consumption and will run only when the 
set works is operating. Current is collected from protected 
trolleys or from a loop cable supported by rings carried on a ro 
attached to the side of the building. A back-geared motor or one 
fitted with silent chain drive proves most compact. The control 
mechanism must be arranged for reversing operation. 

The canting gear, usually driven by a 15-h.p., constant-speed 
motor, is required only when a very irregularly shaped log is 
encountered. It consists simply of a drum with attached hoo 



Fig. 16 —Refuse Exhaust System 


and cable for turning the log on the carriage. This operation 
is now performed by power machinery m all except the m 
extreme cases. The motor operates so_ intermittently that its 
energy and power requirements are of little interest. 


Rock Saw 

A small saw ordinarily known as a “rock” or “barking” saw, 
to remove gravel, barnacles or other foreign matter from the 
bark of the log, usually precedes the mam saw m the line of cu . 
It operates continuously, and requires a 15-h.p. motor; its load 
factor is approximately 30 per cent. A tm housing, pipe o 
an exhaust fan, allows the dust to be earned away. This fan 
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[WHITNEY] 

Fig. 20 —Typical Group for Driving Transfers, Live Rolls, Etc. 


[wi-iitney] 

F IG . 19—250-h. p. Squirrel Cage Motor Driving Double 66-in. 
Circular Headsaw in Pacific Coast Mill 
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Circular Head Saws 

Squirrel cage motors are universally used for circular head 
saws. The inertia of the circular saws is low and the load 
fluctuations during the cut must be taken care of entirely by 
the motor. Fig. 19 shows a motor driving a double circular 
66-in. (1.68-m.) saw. Where the saw speed permits, the best 
practise is to connect the motor directly to the lower saw arbor, 
driving the top saw with a belt. The following operating data 
are typical of a large double circular head saw: 

Running demand range. 240 kw. to 560 kw. input 

Starting demand. 360 kw. input 

Duration of starting period. 15 seconds 

Running light. 35 kw. 

Average kw-hr. per day of 10 hr.1150 

Load factor, average. 20 per cent 

From the head saw, the boards or cants are conveyed by rolls 
and transfer chains which distribute the product to the other 
machines (Fig. 20). The rolls directly in front of the head saw 
run at speeds of about 350 ft. (106.7 m.) per minute, the 
speeds in later sections decreasing slightly. 

Present practise leans toward grouping two sections of roll 
with one or more sets of transfer chain, driving the group from 
a countershaft operating at 900 rev. per min., and driven by 
a direct-connected, constant-speed, squirrel cage motor. All 
rolls must be arranged for both forward and reverse operation, 
and the simplest scheme for accomplishing this and at the same 
time relieving the motor of all starting demands, requires the 
use of friction devices. 

With individual motor drive, a back-geared reversing motor 
with chain drive from the back-geared shaft provides the most 
compact arrangement. Such a motor should preferably be of 
the polar-wound rotor type. Fig. 21 shows a general scheme 
using group drives. 

Live rolls 12 in. (30.48 cm.) diameter by 30 in. (76.2 cm.) 
long require approximately 0.4 h.p. per roll when operating at 
200 rev. per min. When operating at 100 rev. per min. they 
require approximately \ h.p. per roll. As a typical group, a 
section containing eighteen 12-in. by 30-in. (30.48 by 76.2-cm.) 
rolls at 120 rev. per min. and thirteen 12-in. by 30-in. (30.48 by 
76.2-cm.) rolls at 80 rev. per min., three slab transfer chains, 
and three edger transfer chains, requires seven kw. input. 

As an example of individual motor drive, with back-geared 
motor and chain drive to one roll case containing fifteen 12-in, 
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The starting load is comparatively light; the running load 
fluctuates through wide ranges and the saw speed should be practi¬ 
cally constant, which conditions have caused the squirrel cage, 
constant-speed induction motor to be universally adopted. The 
feed rolls should be reversible, and capable of having their speed 
adjusted (see Fig. 23), the rate of feed depending upon the stock 
and varying from 325 ft. (99.1 m.) per minute to 120 ft. (36.6 m.) 
per min. For driving these rolls the latest practise has adopted 
a varying-speed, constant duty, reversing motor with polar- 
wound rotor. 

On the edger arbor are mounted from five to seven saws 
r unnin g at rim speeds of 9000 to 12,000 ft. per minute. The 



Peri feral Velocity of Feeder Rolls, Forwards, <15 Feet Seconds 
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Fig. 23 —Feeder Roll Drive 


following is typical of the demands of a Pacific Coast edger 12 in. 
by 72 in., eight saws direct-connected to a 200-h.p. 1200-rev. per 


min. squirrel cage type motor: 

Input—idle.. 35 kw, 

—5 saws cutting 6 in. 

stock @ 220 ft. pet min. 350 * 

—5 saws cutting 6 in. 

stock @ 135 ft. per min. 247 * 

—3 saws cutting 10 in. 

stock @ 135 ft. per min. 290 “ 

—4 saws cutting 2 in. 

stock @ 230 ft. per min. 75 “ 

—6 saws cutting 1J in. 

stock @ 240 ft. per min. 75 * 

Average per 10 hr. day.405 kw~hr. 

* lo&d factor. 11.6 per cent. 
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Fig. 27—Transmission for Sorting Table. Drive Ratio 900 to 1 
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Trimmer 

This appliance cuts rough stock to length. It consists of a 
gang of circular saws arranged in a horizontal line and spaced 
two feet apart, the total length varying from 40 to 50 ft. (12.2 to 
15.25 m.). See Figs. 25 and 26. There are rarely more than four 
or five saws working at any one time and the load demand lasts 
only for an instant, so that by far the greater part of the energy 
is consumed in running the saws idle. The speed of the saws is 
of course constant, and operating constantly the load factor is 
60 to 70 per cent. The saws are belted to a main drive shaft 
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Fig. 20 —Trimmer 


which in turn is driven by a direct-connected, constant-speed 
squirrel cage motor. For average conditions, 50 Tup. suffices. 
The following observations give the operating requirements 
including transfer mechanism: 

Running demand range when cutting.47 to SO kw. 

Starting demand.70 kw. input. 

Duration of starting., . ..IS secc 

Running light, input.29 kw. 


Sorting Table * 

From the trimmers, the stock passes over chain conveyers 
spaced 4 ft. (1.22 m.) apart, to the sorting table, where it is graded 
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The following are typical service data of a heavy-duty band 
re-saw: 

Rate of feed.185 ft. (56.4 m.) per min. 

Splitting, 2 in. (5.08-ctn.) by 12 in. (3Q.48 cm.). .80 kw. input 
4 in. (10.16 cm) by 10 in. (25.4-cm). .60 “ “ 

Running light.. « « 

Horizontal re-saws are becoming more popular because of the 
ease with which they may be instantly adjusted to care for stock 
of different dimensions. Such a machine can, for instance, 
handle on one side of its adjustable bed a 6 in. by 12 m. cant, 
re-sawing to 4 in. by 12 in. and 2 in. by 12 in., and on the other 
side at the same time re-work a 2 in. by 8 in., making two 1 in. 
by 8 in. boards. The starting duty is about the same as for the 
vertical type. The running load fluctuates no more widely. 



Gang Saws 

Gang saws, as the name implies, consist of a number of straight 
crosscut saws which split a cant at one operation into a great 
number of boards of the proper thickness. The boards then 
proceed to the trimmer and are cut to length, as with the out¬ 
put of the edger. These saws have a vertical reciprocating and 
oscillating motion and the machine is equipped with a flywheel 

to equalize the load. The average size gang requires a 75-h.p. 
motor. 

A rip saw, Figs. 29 and 30, is required to reduce the width of a 
certain amount of the mill run, according to order demands. 
Fig. 31 shows a rip saw, rolls and transfer to rip saw from first 
section of sorter chains. A silent chain drive or a direct- 
connected motor may be used. Either method operates satis¬ 
factorily, the particular drive adopted depending on the mill 
layout and space available. 

Rough timbers often require no further sizing work than can 
be performed by the head saw, and never more than an additional 
passage through the edger. They are conveyed directly to the 
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Fig. 33—Back-Geared Motor Operating Conveyer 



Fig. 34 Back-Geared Motor Belted to Burner Conveyer* 
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tail end of the mill, where the ends are squared by a large cross¬ 
cut saw- and then proceed to the loading platform. Sometimes, 
however, for uniformity of alignment in building operations, one 
or more sides must be planed after the timbers have been squared 
at the end, and consequently they go to what is known as the 
green ” mill. This ^consists of one or more planing machines, 
with an exhaust fan to dispose of the shavings. The planers 
ordinarily used for this work are known as “ ready sizers,” a 
machine which is quickly adjustable for different size timbers 
and is arranged to surface only an edge and a side, and “ timber 
sizers, which ordinarily have four cutting heads and can surface 
all four sides of the stock. The average power requirements 
of such a machine are as follows: 


Timber Sizer 


Size 

stock 

Feed 

Sides 

sized 

Input 

Kw. 

5 in. by 5 in. 

60 ft. per min. 

4 sides 

Avg. 33.2 
Max. 41.1 

2 by 12 in. 

125 ft. « « 

4 sides 

Min. 29.1 
Avg. 46.2 
Max 71. 
Min. 43. 


Ready Sizer 


Size stock 

Feed 

Sides sized. 

Kw. Input 

2 in. by 12 in. 

2 by 4 in. 

96 ft. per min. 

96 ft. “ « 

side and edge 

« « « 

Avg. 38.2 
Max. 50.1 
Min. 31.9 
Avg. 31.4 
Max. 35.6 
Min. 26.5 


For transferring cants from the main rolls past the head saw to 
the storage platform in front of the gang saw, an overhead 
crane transfer is provided (shown at top of Fig. 32). The 
hoisting and propelling motors are series-wound, direct-current 
machines, and are supplied from a motor-generator set. 

Refuse 

The refuse from the various sawmill manufacturing processes 
consists of dust from the saws, edgings, trimmings, and shavings 
from the “ green ” planers. Figs. 33 and 34 show conveyer, 
drives. V-shaped troughs in which chain and block conveyers 
run, serve to handle the sawdust from the main mill machines, 
but from the planing machines the shavings must be carried 
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away from the knives as fast as possible, so that some pneumatic 
suction system is necessary. 

The edgings are first run through a gang of crosscut saws, 
a “ slasher with saws spaced 4 ft. (1.22 m.) apart. See Fig. 35. 
These slabs fall directly into the main mill wood conveyer, which 
has already received the stub ends from the trimmer which were 
less than 4 ft. (1.22 m.) long. From this conveyer, Fig. 36, is 
taken the stock for the lath mill and wood saws. The waste 



Fig. 35 —Slasher 


which is suitable for neither of these purposes, continues to the 

“ h °2 ” and the refuse burner, Fig. 37. The “ hog ” hashes the 
refuse into small pieces suitable for use under the boilers, after 
which it is conveyed to the fuel storage bins. These appliances 
run at constant speed, and have fluctuating demands. 

Dust from the machines is dumped into a main sawdust 
conveyer, which in turn delivers into the conveyer at the fuel 
bins. The shavings from the sizers are lifted by suction to a 
collector and from here blown directly to the fuel bin, Fig. 16. 
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Piping is usually large, because of the tendency of sawdust, if 
at all damp, to pack tightly at bends. Low pressures such as can 
be . delivered by centrifugal fans are the rule. The pressure 
seldom exceeds 5 oz., but the volume is constant and consequently 
the blowing system is quite extravagant of power. The sawdust 
and hog fuel from the saw mill, planing mill, etc., if used for genera¬ 
ting steam, is more than ample for the total power requirements 
of the mill. (See table of refuse fuel values at end of paper.) 

Burners 

Fig. 37 shows a typical burner in which the excess refuse and 
poor quality slabs are disposed of. These refuse consumers are 
a source of large expense to the mill operators. They must 
be substantially constructed; at the base, they are lined with fire 

Motor 




Motor-10 Hp. 870 Rev. 
Pulleys - 8D/a. to 5-0"Dta. 
Gears - 7^ " D/a to 5'~4" D/a. 

A - J5” Dia. 

Velocity of Chain 58.4 ft. Min. 


Fig. 36— Refuse Conveyer Drive 
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ponding increase in motor sizes, as the present tendency is to 
utilize more fully the rated capacity under usual conditions, 
operating the motor at overloads when handling the heavier stock. 

It is universal practise to directly connect constant-speed, 
squirrel cage motors to the machine driving shaft, using a flexible 
coupling. Profile attachments are more conveniently operated 
by an individual motor driving the two profile cutting heads. 

The starting duty of planers is rather severe, due to the large 
masses to be accelerated to high speeds. To this is traceable 
the common fault of u over-motoring ” which was so much in 
evidence with the older, medium-feed machines. The advent 
of welded end-ring rotor construction has removed this obstacle. 

The running load is fluctuating according to the small irregu¬ 
larities in the dimensions of rough stock. Friction load is ap¬ 
proximately 55 to 60 per cent of the working load. The working 
factor of a planer seldom exceeds 60 per cent of its maximum 
capacity, since some time is lost in locating rough stock for the 
operator, and in changing from one size stock to a different size. 
Standard profile attachments run at constant speed and require 
15 h. p. The starting duty is light and the running load fairly 
steady. Fig. 44 shows the main driving motor and profile at¬ 
tachment motor for a modern fast-feed matcher, arid Fig. 45 a 
60-h.p. motor driving a timber sizer in a planing mill which is 
called upon to perform a variety of operations, depending 
upon stock demands. 

Combination Matcher and Re-Saw 

On orders which will permit one side rough, the re-saw simply 
splits the stock after it has been properly surfaced. The power 
requirements of the matcher end do not vary from standard 
machines. The re-saw (diameter of wheel 54 in. or 1.37 m.—saw 
blade 7 in. or 18 cm.) requires 35 h. p. to drive it. The motor 
is mounted on top of the re-saw frame and its weight is supported 
by a counterweight from a sheave attached to the ceiling. The 
best method of drive for a re-saw so mounted is by a silent chain. 
The matcher end requires a 50-h. p. motor. (Fig. 46). 

In isolated instances, fast-feed matchers have been fitted with 
individual motors for driving the various elements of the machine, 
i.e .—one motor driving the feed rolls and one for each cylinder 
or knife drum, etc. A modern fast-feed planer, size 6 in. by 
15 in., feeding 200 to 250 ft. per min., requires motors as follows: 
top cylinder geared with cloth pinions to a 35-h.p. motor, 
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bottom cylinder to a 20-h. p. motor, side heads to 15-h. p. motors, 
feed rolls to a 15-h.p. motor. 

Such refinements have shown an actual saving in energy over 
the one-motor method, since all belt friction and slippage is elimin¬ 
ated. The high speeds required for the various parts of the 
ma c hin e, some of which do not fit standard speeds of a 60-cycle 
motor, made it necessary to resort to gearing with cloth pinions. 
Very satisfactory results have been obtained. 

After being finished, the product from the planers is trimmed 
to remove defective portions; it is then sorted and bundled. Old 
practise required a trimmer table with a swing cut-off saw (Fig. 47) 
for each machine, the output being handled by hand after leaving 
the mac hin e. Their work is very intermittent and the starting 
load is light. Squirrel cage, constant speed motors are used, 
the usual size being three h. p. Tests of a 20-in. saw follow: 

Running light.1.2 kw. input 

Cutting one 2 x 4 in.3.S * u 

“ two 2x4 “ .4.8 * ‘ 

« three2x4 “ .7 * * 

“ one 2x6 “ .5.1 * * 

* one 2x 12 « .6.2 * ‘ 

« one 1x6 “ .2.7 « « 

Approx, load factor.30 per cent 

Demand factor.300 per cent. 

The duration of a cut is very short, otherwise the size motor 
ordinarily employed would have to be materially increased. 

. The advent of fast-feed planers and matchers necessitates a 
greater capacity method of handling the output without entailing 
a too great labor addition. The scheme adopted is to group all 
planers so that their output falls upon a transfer table. At the 
end of this table is installed an automatic trimmer similar to 
but smaller than the saw mill trimmer. In this way one man can 
trim the entire output. A squirrel cage constant-speed motor 
furnishes a satisfactory drive, 25 h. p. being the average size 
motor adopted for this service. 

The transfer tables and refuse conveyers in a planing mill 
are usually operated by back-geared wound-rotor motors with 
chain drive. The material to be handled is very light, requir¬ 
ing at maximum three- to five-h.p. motors for such service. 
(Fig. 48). 

Besides the trimmings, the other refuse from the planing 
mill consists of dust from the saws and shavings from the 
planers. The sawdust and shavings are cared for by air suction 
and blower systems (see Fig. 16 for typical layout). Usually 
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’ Fig. 38—Monorail Car with Load for Dry Kiln 


[whitney] 

Fig. 37—View across Log Pond, showing Refuse Burner 


[whitney] 

Fig. 39—Monorail Car and Transfer Crane for Spotting Car at 

Different Sections of Sorting Table 
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Fig. 41 —Storage Battery Tractor 
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p IG _ 42_ Four-Ton Monorail Lumber-Handling Cantilever Crane, 

106 ft. Trolley Travel, Hammond Lumber Company, Astoria, Ore. 


Fig. 44 —Matcher with 50-H P. Main Motor and 15-H.P. Profile 

A tta c h m en t M ot o r 
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Pig 45— Timber Sizer [whitney] 
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p IG . 46_ Re-saw End of Combination Matcher and Re-saw, with 

Motor Mounted on Re-saw Frame and Driving by Silent Chain 
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p IG 47 —Swing Cut-off Saws for Trimming 
Planing Mill Stock 
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Fig. 48-—Sorting Table Drive in Planing Mill, with Back-Geared 

Motor 
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Fi G . 49—Double 60-in. Exhaust Fan Direct-Connected to Motor 
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p IG . 52 —Interior of Shingle Mill Using Electric Drive. The 
Compact Machines and Absence of Transmission Belting is in 
Marked Contrast to the Crowded Appearance of Belt-Driven 

Mill s 
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the trimmings are put through a small-capacity hog and then 
handled by the same blower system, or conveyed to a wood bin 
for the local wood market. 

Refuse Exhaust System 

Ordinary, centrifugal fans capable of giving 5 oz. pressure 
are commonly used. Motors are sometimes direct-connected 
to the fan impellers, but more often belted, since with the latter 
arrangement the speed of the fan can be changed from time to 
time to get the correct pressure required in the system. With 
direct-connected fans, the impellers are ordinarily pressed di¬ 
rectly on the motor shaft extensions, the motor bearings caring 
for the slight additional weight of the fan impeller. Fig. 49 
shows such an arrangement. Constant-speed motors are 
used for this service. The load is practically constant through¬ 
out the operation, and is slightly less when the planers are 
working than when idle, provided of course that the suction 
intakes are left open at all times. Double fans are ordinarily 
used, one side lifting the refuse and the other side blowing 
through the pipe line to the fuel bin. 

It is common practise to install a simple low-pressure gate 
in the suction to each machine, so that that particular intake 
may be isolated when the machine is shut down, thus reducing 
the energy required. 

The following is indicative of the average power requirements 
of fans under usual conditions, length of pipe line, intake open¬ 
ings, etc., being assumed normal; 


Single 40-in. fans.20 h.p. 

“ 50 « * 25 “ 

* 60 * * .35 “ 

‘ 70 a * 50 " 

Double 40 * “ 35 « 

“ 50 * * 50 “ 

“ 60 * “ 75 « 

* 70 * « *100 « 


Another system which has proved economical in energy con¬ 
sumption makes use of a low-pressure centrifugal fan for suction 
only, and uses high pressure for blowing the dust through the pipe 
line to the fuel bin. With centrifugal fans used for both suction 
and blowing, all of the material handled is passed through the 
impeller itself, necessitating large clearances and a consequent 
loss in efficiency. With the high-pressure system, none of the 
dust or chips passes through the fan itself, but the discharge 
from the collector empties into a revolving drum with vertical 
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cylindrical compartments. The cylindrical cartri dges thus formed 
are forced through the pipe line as each compartment revolves 
under the compressor discharge. Centrifugal compressors and 
positive pressure blowers find a wide field in the high-pressure 
system. 

Shingle Mills 

Figs. 50 and 51 show the latest tendency in the layout of shingle 
mills. The logs are handled in the same way as in a saw mill, 
after which they are cut' into bolts, which go to the shingle 
machines and are finally trimmed, sorted, bundled and dried. 
Fig. 51 gives the main floor plan of an electrically driven mill, 
while Fig. 50 shows the elevation of a later mill. The latter 
was originally planned for steam drive, but later changed to 
electric, so that the elevation shows a line shaft in error. In 
the final plans, this was eliminated and the driving motors 
connected to the shingle machines, as in Fig. 51. Fig. 52 
shows the shingle machine floor of this mill, which is the first, 
of which we have record, using individual motor drive' through¬ 
out. Its operation has been very satisfactory. Of all the 
machines used in these operations, only the shingle machines, 
shown in Fig. 52, differ from those already described for other 
operations. 

The standard upright shingle machine requires two motors 
for its best operation—a 20-h.p. motor driving the main saw 
and mechanism and a 3-h.p. motor driving the trimmer saw 
both constant-speed, squirrel cage motors direct-connected to 
the driving shafts. The power requirements of the complete 
machine—both the shingle saw and the trim saw—are about 
18 kw. input, no-load, and 20 to 21 kw. input when cutting. 

General 

In general it is estimated, in a mill using steam engines with 
line shaft drive, that 8 to 10 h.p. per M feet b.m. capacity per 
10-hour day, is required for the sawmill machinery only. This 
old rule-of-thumb method was close enough for practical pur¬ 
poses, since with maintained steam pressure the engines had 
large overload capacities, but with very poor speed regulation. 
This poor speed regulation is noticeable in almost all steam-driven 
mills. The friction load is enormous, requiring often 40 per 
cent of the rated engine pow r er when running the mill idle. 

With the advent of electric drive, the motor horse power in¬ 
stalled will approximate 11 to 13 h.p. per M feet b.m. capacity 
per day, for both sawmill and planing mill. 
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The energy required for manufacturing 1000 ft. b. m., inclu¬ 
ding planing mill operation, has been found to vary from about 
29 kw-hr. in the white pine district to 46 kw-hr. in the fir dis¬ 



trict of the Pacific Coast, which would indicate an actual elec¬ 
trical horse power of from 3.8 to approximately 6 h.p. per M 
feet daily capacity of an electrically operated mill* 






























1914] 


WHITNEY: LUMBER INDUSTRY 


1353 


The cost of power to the average saw mill operator means 
very little, due to the large wastes which they must experience 
in their manufacturing operations. Those mills located re¬ 
mote from any available market, must dispose of this waste 
either by generating power for their own use or consuming it 
in refuse burners. 

Refuse—Uses and Fuel Value 

The question of refuse disposition is one of the large items 
of expense in connection with the average mill. A solid log 
scaling 1000 ft. b.m. will, when cut, give about 1150 ft. b.m. 
of lumber, and the refuse in the form of sawdust, trimmings 
and edgings will amount to a little more than a half cord, or the 
equivalent of 115 cu. ft. of cut fuel. Adding the refuse from 
the planing mill and other manufacturing departments, the 
total loss may easily reach 40 per cent of the original scale of 
the log. Of course the greater refinements in using the by¬ 
product will reduce the proportionate amount of refuse. 

Except for fuel, the uses for this have been very narrow. 
Attempts have been made to use sawdust from Pacific Coast 
mills, which cut mostly fir, spruce and hemlock, for manufactur¬ 
ing wood alcohol and ethyl alcohol. In practise, however, the 
manufacturing costs run so high that it has proved unprofit¬ 
able. The latest projected use is in making sawdust briquets 
to be used for paving purposes, and also for use as fuel. Such a 
plant has been completed, although its operations have not 
extended over a sufficient period to determine the ultimate 
success. 

As fuel, the refuse values, wherever there is an available 
market, are shown by the following data: 

Wt. one cu. ft. wet sawdust. 21 lb. 

Per cent moisture. 48 to 52 per cent. 

Heat value per lb. wet sawdust.3500. B. t. u. 

Wet sawdust means that in its natural state coming directly 
from the mill operations, and includes cut fuel from the hog. 
The dust from planing mill operation is relatively dry, and as 
fuel, has a value per pound of 8500 B.t.u. These values 
are averages of a number of analyses and apply to sawdust 
from mills cutting mostly fir and spruce. As ordinarily 
found in the fuel bin, the mixture has some intermediate heat¬ 
ing value. Sawdust is usually sold in units of 200 cu. ft., the 
equivalent of about 0.88 cord of slabwood 
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Slabwood is cut to 4-ft. lengths and. sold by the cord. It 
also has a wide use as fuel, though as such it is more expensive 

than sawdust. 

The following table gives the average values of wood fuel as 
compared with oil and coal, the costs of the various fuels pci 
unit being assumed as in column five. Column two gives evap¬ 
oration values taken from tests at the same plants, using the 

fuels named. 



B. t. u. per 
lb. dry fuel 

Lb. water evaporated 
from and at 212 deg. 
per unit. 

Cost per 1000 
lb. water from 
and at 212 deg, 

Cost per unit of 
fuel 

Sawdust. 

8,500 

(200 cu. ft.) 10,500 

9 .5 cents 

$1.00, 200 cu. ft. 

Slabwood. 

(1 cord) 12,500 

24 cents 

3.00, 1 cord 

Split cord wood... 
Oil. 

18,500 

(1 cord) 13,500 

(1 lb.) 15 

37 cents 

21.9 cents 

5 .00, 1 cord 

1.10 

Coal... 

11,000 

(lib.) 7.2 

41.6 cents 

per bbl. 

6.00 



per ton 
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Discussion on “ Electricity in the Lumber Industry ” 
(Whitney), Spokane, Wash., September 10, 1914. 

Mr. Scott": Mr. Whitney’s paper is of particular importance 
to central station men because it shows that there is a field for 
prospective business open that is usually placed in the same 
class with steam laundries, that is to say, absolutely unapproach¬ 
able. I have never dealt directly with any logging men, but 
have had occasion to attempt to sell power to a few sawmill mfcn, 
particularly for small plants, none of very large capacity, and 
their main objection to motor'drive is, first, they claim the first 
cost of the motor installation is excessive as compared with a 
steam engine; and, second, they say that the motors will not 
stand up to the work. Now, never having actually seen a drive 
of that kind I was not in a particularly advantageous position 
to refute their statements. Third, they say they must have 
steam anyway for their dry kilns and for their log-carriers, and 
therefore there is no particular advantage in putting in electric 
drive. And lastly, they say that they are forced by law to get 
rid of their waste; in most instances they are too far removed 
from a point where the waste can be sold as fuel, so they have to 
install a burner especially to get rid of it, if electric drive is used. 

Now, I would like, if possible, to hear some arguments that 
could be put forth to refute those points of view. So far as 
central station service is concerned, compared with isolated 
plant service in sawmills, I should unhesitatingly say that, for 
'an installation having over, say, 1000 e.h.p., central station 
service could complete with an isolated plant very favorably, 
provided the sawmill was within a reasonable distance of a trans¬ 
mission line. For mills smaller than that I have not seen enough 
data to be able to tell. , 

On page 1323, where a comparison is made between operation 
of logging railways by electricity and by steam, a saving of about 
$20,000 a year in favor of electricity is shown. I should think 
that any logging man, no matter how skeptical, would “sit up 
and take notice,” and at least inquire how that could be done. 

There is another question in regard to a sawmill: whether 
steam operation is less efficient from a time standpoint than a 
motor drive; in other words, whether more time is saved by motor 
drive than by steam. When a man drives a headsaw with a 
steam engine and runs into a stiff cut, the steam engine begins 
to show signs of distress and slows down, and he eases up on his 
speed; but with a motor the log goes right straight through. I 
have had that point put up to me two or three times by sawmill 
men and they claim it is a fact that there is only one thing for 
the motor to do under such conditions, and that is to blow the 
fuses. If I understand Mr. Whitney’s paper correctly, the 
development of the electric motor in the last few years has 
reached such a point that these difficulties are overcome. 
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A. A. Miller: Last year at the Vancouver convention Mr. E. 

J. Barry presented a paper on Logging by Electricity, and Mr. 
Whitney contributed very largely to the discussion. It is 
apparent that Mr. Whitney has been busy during the past year 
in collecting further data, which have been very systematically 
assembled in this paper. 

I can remember distinctly that only a few years ago loggers 
and lumbermen in general would not pay any attention o e 
proposal to use electricity in their operations The P r ^g^ ss 
made has been very marked, and no up-to-date designer o - 
mills would now entirely pass up consideration of electric drive 
but would give it very thorough consideration, and in a fai 
percentage of cases would determine upon electric drive m 

With respect to the question which Mr. Scott asked as to the 
difficulty encountered in steam drive where the speed of the 
carriage is diminished in order to allow the saw to speed up again, 
and where in case of electric drive it is not so regulated but is 
allowed to go forward at practically constant speed regardless 
of the load on the motor—this is due to the inherent ability of 
the motor to carry, temporarily, heavy overloads, and to give such 
power as is required to take care of the load that may be impose 
upon it. That is somewhat allied to the advantage of electric 
locomotives, in heavy freight work, over steam locomotives, m 
that for short intervals the capacity of the electric machine is 
only limited by the amount of power which you can delive 
it. Induction motors, both of the squirrel cage and wound 
secondary type, for a number of years past have been designe 
on sufficiently liberal margin to stand tremendous overloads for 

a period of a minute or so. _ _ , . . , 

F. D. Weber: About seven or eight years ago, I think, the 

first electrically driven sawmill in Oregon was installed at Dee. 
Prior to that time there were absolutely no data on this subject. 
The mill was fitted with all standard squirrel cage motors, with 
a 150-h. p. squirrel cage motor placed on a double-cut 8-ft. hand 
mill and after it was installed it was impossible to start the ban 
mill! The onlv way which they had to start it, and this method 
was used for years, was by putting a 4 by 4-in. timber m the upper 
flywheel and having six or eight men throw their weight. oni . 

A little river runs within about a thousand feet of this mill, a 
upon this was installed a hydroelectric generating plant to fur¬ 
nish power for the mill. « 

When this mill was installed they had no consideration at all 

for sizes of copper, the mill men mstallmg all the wmng. The 
writer ran tests under operating conditions and found that the 
copper was about one-half the proper size for satisfactory opera- 
tion. There was also trouble with the motor connected to the 
trimmer. This motor was not of sufficient sizp and necessitated 
the shutting down of the trimmer occasionally to allow the motor 

to cool off. 
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■ This lumber mill is owned by the Eccles interests, and they 
were so impressed with the operation of the first mill that when 
it burned down about two years ago, they replaced it with another 
electrically operated mill, although it was impossible with their 
first equipment to operate the band mill double-cut, because when 
thus operated the motor was unable to carry the load. 

There are some questions which I would like to ask Mr. Whit¬ 
ney: 

First, have manufacturing companies ever considered furnish¬ 
ing an enclosed type of motor in certain locations in sawmills? 
After a sawmill has been operated electrically, this blower 
system that Mr. Whitney spoke about generally fails to keep the 
mill clean and a great deal of refuse collects, such as sawdust 
and chips, to which the motors are exposed, consequently a 
question of fire hazard arises. I have seen motors completely 
covered with chips and sawdust. 

. . Second, in regard to the motor of the main carriage, I would 
like to know whether they have had any trouble keeping oil in 
the bearings o,f this motor. I should imagine that it would splash 
out. 

Third, I desire to know whether there have ever been any 
tests made on the load factor of this mill or any other mill. 

Fourth, have there been any figures presented concerning the 
relative cost of installation of electrically driven mills as com¬ 
pared with the first cost of motors? I have heard the argument 
advanced that the cost of wiring a modern mill is excessive. 

Fifth, are there any data concerning the life hazard in logging 
woods in connection with electrically operated logging engines? 
It has been said that this hazard was considerable in dense tim¬ 
ber where cutting was taking place continually, which might 
interfere with the transmission lines. Also, the connection 
between the portable transformer stations and the logging 
engines, being subjected to the various accidents of the logging 
woods, might expose the men to live circuits, and produce a 
serious life hazard. 

J. B. Fisken: I want first of all to note that, if I mistake not, 
the first article in any of the Institute Proceedings on the sub¬ 
ject of the application of electricity to the lumbering industry 
was a paper by Mr. E. J. Barry, Electricity in the Lumber In¬ 
dustry, presented at Los Angeles in April, 1911. 'Three years 
later we get a paper from Mr. Whitney, which seems to me as if 
it might almost be the last; there may be some small improve¬ 
ments, but from what Mr. Whitney tells us the subject has been 
pretty nearly covered. 

There still remain a few things to be done.- The question of 
drying the lumber will involve the generation of steam unless 
there is a hydraulic plant available; if there is, the drying of the 
lumber might, be done by electricity. The log carriage is not 
electrically driven in the case we are considering; the operating 
man might have difficulty in taking care of that. I think it is 
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a question for the manufacturers to solve. The problem of 
disposition of refuse is a hard one, but in these days of conserva¬ 
tion it would seem that some means might be found to take care 
of this refuse; it must have some commercial value,, and unless 
the cost of saving it is more than the market vame, it should be 

taken care of. # - 

From the standpoint of the operating man, I think the load 

would be an objectionable one for the reason that it would.be 
very intermittent and severe. Mr. Weber has asked a question 
■regarding the load factor. In the item of costs on page 1320 
Mr. Whitney puts in coal at $4.25 a ton. From conditions as I 
know them I doubt very much if coal could be laid down at the 
donkey engine for anything like $4.25 a ton. It costs us moie 
than that to lay it down here in Spokane, and.to haul it up to 
any of the logging plants must add very materially to the cost. 

Mr. Whitney discusses methods of handling and conserving 
the refuse. That is a matter, of course, more for the.commercial 
man than for the engineer; at the same time the engineer should 
work with those who can settle it, and I hope before long to see 
the sawmills and wood-working factories entirely operated bv 
electricity. I think it is almost invariably the custom now.in 
putting in a large mill to put in electric drive. We have service 
in this neighborhood that is typical, and from what I have been 
able to learn the owners would never think of changing back to 

steam drive 

L. T. Merwin: There is no question in my mind but that the 
difficulties due to peak loads in sawmill operation can be success- 
fullv worked out. Following actual experience of a nurnbei of 
years in electric hoisting under rather severe conditions, I do not 
think that the question of extreme momentary demand will 
remain a serious one, even though at the present time it may seem 

I want to ask a question of Mr. Whitney bearing on the point 
that Mr. Weber and Mr. Fisken have already brought out, the 
poor load factor, the highly fluctuating load and the extreme 
peaks. Has any consideration been given to the. handling ol 
these extreme peaks in a manner similar to that in which ex¬ 
treme peaks of mining loads are handled, as, for instance, by 
some sort of modification of the Illgner system or by a heavy 
flywheel set operated by an induction motor? Mr. Whitney 
mentioned in his paper that of necessity the old manner of run¬ 
ning steam-driven mills was from one central drive.; I gather that 
from that they went to the other extreme when first installing elec¬ 
trical drive, and finally have come back to a compromise, with 
partly group drive. If the flywheel system, as applied now to 
extreme peaks of mining loads can be applied to the sawmill, 
would that not break down the objections of the central station 

operating engineer? 

Mr. Cheek: As the variable loads that necessarily come upon 
a motor, it seems to me, would make its protection a very ditti- 
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cult matter, I ask Mr. Whitney what he recommends for the pro¬ 
tection of such a motor, whether fuses or other automatic de¬ 
vices. I also ask how the size of the copper is calculated, and 
whether he has any further information with regard to tests. 

I was up in Victoria not long ago and there is a new plant up 
there that had recently been equipped for making briquets, and 
they used the refuse, they used the sawdust and also the slabs 
after going through the hopper; and they claimed that these 
briquets burn slowly and with much the same characteristics 
as coal and compared quite favorably with coal. 

The matter of the decrease of the fire hazard in logging is a 
point which I think will act very much in favor of electrical 
donkeys. This last season was a very dry one and some com¬ 
panies suspended operations during the dry season because of 
• the severe fire hazard of the steam donkey. 

A. Norman: The company with which I am connected re¬ 
cently began to supply power to a large sawmill. This mill 
started in actual operation about three weeks ago, and the mill 
being entirely new and all of the machinery new, they have not 
as yet had a full day’s operation, and I w^ould not attempt to say 
just what the load factor will finally be when the mill is in con¬ 
stant operation. However, I could say in a general way that 
we believe it is going to be about 50 per cent. We feel very much 
encouraged as to this particular installation, the mill people feel 
very much encouraged, and I think it offers a fertile field for 
cooperation between the milling industry and the central station. 

In our case, we were so situated that we could furnish this 
mill not only current for the operation of its motors, but also 
the steam needed for the dry kiln and for such other purposes as 
they found it advisable to use steam for. In an installation of 
some 2100 h. p. in motors I believe we are furnishing them some 
225 h.p. for their steam needs. As I say, this installation is so new 
that we cannot give very full information, but we would be glad 
to have anyone who is interested in this subject either come to 
Eugene or Springfield and look into it, or write to us after a 
brief period, when we expect to get some very definite data, and 
our company will be very glad to give you any information 
we have or can get. 

W. H. R. Fraser: The largest mill we have connected with 
our system is probably a good deal smaller than that which Mr. 
Norman spoke of. The largest mill, I think, has something like 
750 to 1000 h. pq the mill is about nine miles from the nearest 
substation and is also fed in connection with the same line 
feeding a town. So this is not a mill line alone, but also a light¬ 
ing line. We have had no complaint regarding the fluctuation 
of voltage, so that it cannot have been very bad. 

In regard to the utilization of refuse: one mill that I know of 
has been experimenting with briquets, but whether successfully 
or not I cannot say. Another mill until recently was trying to 
produce turpentine from sawdust of certain woods, but that has 
been a failure. 
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The question of supplying power to very large mills could 
scarcely be considered, unless very favorably located. One of 
the largest mills in the world, for instance, has a total capacity 
of one and three-quarter million a day 5 driven by individual units * 
we could never offer them power at a rate that they could consi¬ 
der in preference to installing their own plant; if we delivered 
power to them we would have to have a 30,000- or 40,000-volt 
line installed and substations, and by the time we did that the 

cost of the power to them would be so great that it would be 
prohibitive. 

Another point: I believe that Mr. Whitney mentioned some- 

C ^ e * I not think there is a single sawmill in 
-British Columbia using coke today. 

. Weber: .1 remember seeing a note in some trade journal 

m which it mentioned that there has been a process devised of 
drying lumber in the open air by the usfe of quite an appreciable 
amount of current at low voltage, by simply stacking and sepa¬ 
rating the layers of lumber by wet carpets. I would like to 
know if anyone knows anything further on this subject. I under¬ 
stand that is done in Australia and some places in England. 

If that is the case it seems to me that would solve the Question 
of the dry kiln. 

John Harisberger: I may be a little optimistic in regard to 
companies operating hydroelectric plants selling power to saw¬ 
mills to their mutual benefit. On our system in the Puget 
Sound district, we have several mills which have proved quite 
satisfactory, from both a commercial and an operating stand¬ 
point. We also furnish all the power for two coal mines, 
amounting to 1100 h. p., and several other mines are considering 
taking our power. I have had some experience in the early 
days when attempts were first made to operate sawmill machinery 
by electric motors. The main difficulty was to get sufficient 
information so as to determine the proper size motors to install. 
This is entirely different now, as manufacturers of electric appara¬ 
tus and central station people have accumulated a great many 
data on such applications, so that it is no longer a question of 
experiment. 

E. F. Whitney: I am rather disappointed at the lack of op- 
imism, at the same time I am pleased at Mr. Harisberger’s 
expression that he does look forward favorably to the use of 
central station power in the sawmills. It can be used, and under 
certain conditions it can be put in and can operate as cheaply 
as one can generate and supply his own power, but you must 
first convince yourselves that it can be done and afterwards 
convince the mill men. There is always the question of cost of 
installation and cost of operation. 

To begin with the cost of the motors: I have recently com¬ 
pleted, in connection with a mill architect, two estimates for 
entirely different types of mills, one a single-band mill and an¬ 
other a double-band mill, together with the planing mill Com- 
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plete estimates were made, first, using steam drive, and second, 
using electric drive, for each type of mill. The electric mill 
included the necessary generating station, on the assumption 
that power would be derived locally from mill refuse. We were 
surprised to find that for the sawmill alone, electric drive proved 
lower in. first cost—installation cost—than steam, and this 
without including the planing mill. This latter would have 
made the balance even greater in favor of electric drive. There 
is no difference of opinion as regards the very much lower opera¬ 
ting and maintenance cost of an electrically driven sawmill. 

This of course was an individual case and was figured on its 
own merits. You will have to let by-gones be by-gones and not 
consider those mills designed and built along the old lines of 
steam drive with line shafting and belting and motors placed 
here and there wherever a drive was needed. The mill must, 
to get best results, be laid out with electric drive in view, and 
full advantage taken of its flexibility. We now know what can 
be accomplished, but the results come only after careful and 
correct installation and not by chance. 

A mill requiring approximately 2300 or 2400 h.p. usually 
has over 20 separate and distinct engines scattered around its 
plant; it must have high-pressure steam lines to each one of these 
engines; the largest would be about 800 h. p. and the smallest 
about 25 h.p. There need be no further comment than that 
engines used. under such conditions are very uneconomical steam 
users. . An item which is lost track of is the boiler capacity that 
is required to supply such an installation, and the large initial 
cost and high upkeep cost of the steam-generating equipment. 
Electric drive would reduce it at least one-half. 

Regarding the ability of the motors to stand up to the work: 

I recall an instance of a blower, with impellers 80 in. on one side 
and 70 in. on the other, pressed upon the motor shaft extensions. 
The motor was rated 100 h. p., 720 rev. per min. The motor did 
the work satisfactorily, but in the course of an investigation just 
to see how much power the blowers were taking we found that 
while the blower specifications called for 96| h.p., 147 h.p. was 
the output of that motor, day in and day out, ten hours a day, 
five hours in the^morning and then shut down one hour at noon 
and then five hours in the afternoon. In this case the motor 
was in at the top in the planing mill, which is always a well- 
ventilated structure, it had good cooling air, and the working 
capability of the motor was increased considerably above what 
might have been found in a more unfavorable location. 

With the present successful mills operating with electric drive, 
with the proposed largest mill on the coast preparing to use 
electricity throughout, there can be no question as to the economy 
of this method or the capability of the electric motor to do the 
work efficiently and successfully. 

The point 'has been brought up that they must always have 
steam in the mill. Granting that they must have steam for 
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some uses, there is no necessity for them to have the quantity 

of steam equipment that will be necessary in all cases except 
with electric drive. 

Upon 'the question of production: This is the one subject 
which sawmill men are glad to discuss and consider at any length. 
They appreciate that their only hope of salvation is to cut down 
their costs of production. I have known many instances of 
steam-driven mills where the lag in the steam engine during the 
cut in the main headsaw is as great as 30 per cent.- I have seen 
the edger lag fully as much. That simply means that they are 
losing so much productive time. This is unknown with motor 
drive. Practically all of the motors are squirrel cage type- 
with a few exceptions, such as the one driving the headsaw; the 
only reason we.use a wound-rotor motor there is because of the 
limited generating capacity in the average sawmill and to limit 
the current input at starting. Its characteristics are of course 
practically the same as the squirrel cage motor after it is up to 
speed, and any squirrel cage motor would absolutely reach its 
breakdown point before it had any .such regulation as that, 
unless of a special design. The automatic overload protection 
* and ability to stand up under varying load conditions has already 
been spoken of. This is an important item when we are driving, 
for instance,.a refuse conveyer. That is probably as severed 
drive as any in the mill. With steam drive from the main shaft 
if the conveyer should stick, as with a slab jammed under the 
chain, something must break to clear the trouble. This means 
lost time, and repairs. 'With electric drive, we might have the 
conveyer pretty heavily loaded at times, but of course the relay 
would be set to care for a predetermined overload with a 
reasonable time limit, and any more severe condition than that 
for which it is set should trip the motor out of circuit, and relieve 
the transmission machinery of the severe strain, saving the break¬ 
age that would otherwise occur. 

The question of. maintenance of voltage was touched upon 
by Mr. Weber; it is one.of the most important points in con¬ 
nection. with the operation of electric logging engines. The 
substation must be 200 to 1000 ft. from the location of the engine 
itself; in the beginning of the operation it may only be 200 & ft., 
but as the work is extended and the donkey gathers the close 
timber it. will probably be, at the next step, 1000 ft. away. 
The duty is heavy, often requiring the motor to exert very close 
to its maximum torque, so we must take the precaution to see 
mat good voltage .is the rule.at the terminals of the motor. 
This of course applies to sawmill machinery as well, because we 
cannot get the maximum productivity unless we maintain our 
speed and capability to care for heavy loads suddenly applied. 

In regard to the question of fire hazard and enclosed motors * 
This is really the reason that squirrel cage motors are so unh 
versally used. - In such motors the bearings of course are prac¬ 
tically the only source of fire risks. The motor bearings should 
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The greatest drawback to the maintenance of a high power 
factor in sawmills is the small number of large motors that 
must necessarily be used, which, during a great portion of the 
time, must certainly run at very light load. Though not less 
than 200 h.p. is required on the average edger, and a motor 
somewhere in the neighborhood of 250 or 300 h.p. on the head- 
saw, the loads averaged per day for these machines will be about 
50 and 100 h.p., respectively. The great majority of group 
drive installations are, as a rule, well loaded and run at good 
power factors and at good efficiencies. The planing mill equips 
ment has a very fluctuating load; during a portion of its load 
it runs at a relatively low power factor and low load factor. 
On the average, a mill of about 2100 h.p., such as Mr. Norman 
spoke of, under general operating conditions will have a load 
factor varying from 65 up to 80 per cent. The particular mill 
of which he spoke has 74 motors with a total of 2053 h.p. con¬ 
nected. the sawmill has 52 motors with 1645 h.p.; the planing 
mill 18 motors, with 340 h.p. The daily kilowatt-hour consump^ 
tion had been estimated at from 7500 to 8000 kw-hr. With 
operations well under way, these figures were confirmed. 

As regards the cost of wiring a sawmill installation, that 
depends largely on the individual. A mill man can put in a 
wiring job that will equal or excel that in any high-class city 
office building, or he can put in simply a substantial wiring 
job that will be satisfactory for his service. There is a differ¬ 
ence in cost of, I suppose, 250 per cent. In making up the 
comparative estimates that I have already spoken of, for steam 
drive and electric drive, these estimates were based on giving 
the electrical installation the worst of it in every case that we 
possibly could) and so we figured on conduit wiring through¬ 
out. Even then the wiring cost amounted to about $5500, I 
think. We had about $9000 which we could have used for this 
and still come out equal to steam drive. 

The fire hazard in the logging industry is something that 
would have to be given consideration. That, of course, is al¬ 
ways brought up whenever the subject is broached to loggers. 
There is no reason why electrical equipment that is operating 
a logging camp cannot be as cheaply and as safely handled as 
it can be in any of our generating stations. The transmission 
line usually runs along a ? railroad right-of-way and is just as 
well protected as any other power company’s transmission lines. 
From it branches are run, depending upon the size of the com¬ 
pany’s operations; from the substation an armored cable'leads 
out along the ground to the logging engine itself; the cable used 
is typical submarine cable, which is perfectly safe. 

In regard to the question of'electric drive for the log carriage: 
Suppose, for instance, we look at the typical operating cycle 
of a log carriage given on page 1331. Even with a log of only 
1500 ft. b.m. you have a total weight of 38,000 lb., about 19 
tons; the requirements of mill operation do not allow the carriage 
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to lag any more than is necessary, and the average speed is about 
250 ft. per min. in the cut. That is based, of course, on a 
single-cutting band mill. The average speed of return is about 
650 ft. per min., and we must accelerate that outfit to that 
speed and maintain it at least for a portion of the travel of the 
total distance, varying, say, from 40 to 50 ft. as an average. 
There is not much travel but it is high-speed work, the accel¬ 
eration is fast—in fact it is all that a person can do to stand on 
the log carriage and maintain his balance. A log of 1500 ft. 
b.m. is by no means the heaviest load, it is about an average. 
If we should get a log of about 5000 ft., or about 40,000 lb., on, 
it would run the total weight up to something over 35 tons that 
must be handled at this speed. The common method is by a 
twin-cylinder,' simple steam engine, which operates a drum. 
The engine, complete with its equipment installed, costs about 
$3000 to $3500. Any electrical scheme that can compare 
favorably with it in first cost and in ultimate cost, including 
operation, will undoubtedly meet with favor from the saw¬ 
mill -people. They would like to do away with the engine, but 
nothing to compete with it has been shown up to the present 
time. 

, The coal and other fuel costs as given on page 1320 applied 
to logging, not to sawmill operation. In the logging industry 
they have realized they were burning good merchantable timber 
as fuel, as the logs cut up and burned under the donkeys must 
be the very best or they will not split, and on account of the 
grade of timber they have to use, they have attempted to use 
oil and coal. Some camps have run comparative outfits to get 
data on the results accomplished by the use of the various fuels. 

In regard to Mr. Fisken’s suggestion that additional uses for 
the refuse be given, and that nothing be said about burners: 
I attempted to take the point of view of the man who was fully 
informed about the electrical side of the question but knew very 
little of a sawmill or its workings. Of course it is necessary 
for the sawmill operators to dispose of the refuse, because 
there is too much of it for their own power demands, and this 
must be got rid of in some way. Usually it is burned in the 
burners, and they are a source of expense. 

I have touched upon the load of the whole mill. I might 
say that the two cases cited applied to fir districts. In pine 
districts the load is very much lighter, the connected horse 
power, we will say, in one case, being 1900 h.p., the load factor 
only 46 per cent and the demand factor 67 per cent, an average 
daily cut of 350,000 ft., with a maximum demand for ten minutes 
of 800 kw. and the highest peak in any ten minutes 950 kw. 
That is in marked contrast to the greatly increased power de¬ 
mand with smaller cut of the larger fir mill. 

Attempts have been made to produce some sort of load equal¬ 
izer, but only for some individual machines. The fluctuations 
are not at all regular; they might last for prolonged periods, 
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or might come in quick succession during one or two hours of 
operation, and. might be very infrequent at other times. The 
demand question must be solved by those desiring to obtain 
the sawmill load, for its character is to a certain extent fixed. 

In the case of the edger there is a machine with no flywheel 
effect whatever, a simple arbor with five to seven or eight saws, 
and it is operated by a motor of large capacity. Its highest 
load comes on instantaneously just as soon as the cant is started 
through the edger and it lasts until the cant has finished its 
travel and the cut has been made, seven to ten seconds. Those 
saws operate at a rim speed of 9000 to 12,000 ft. per min. and 
at speeds of 1200 to 1800 rev. per min. Any weight that could 
be added on the shaft of the edger would have to be of such small 
diameter and great length, to be within the safe limi ts of even 
the strongest materials, that it would run the cost up to too large 
an amount and take up too much space. 

These loads are and have been well appreciated bv sawmill 
operators. The operator lays out his plant to care for them. 
He knows the capacity plant required to care for the load, and 
in reality the effect of these fluctuations is not to increase the 
capacity of the equipment which it is necessary for him to have 
if he is going to generate his own power, and if they do not in¬ 
crease his own capacity why should he spend money to make it a 
more favorable market for the central station man? That is 
also the reason why efforts have not been made to obtain a better 
power factor. Of course it could be obtained, could be done by 
installing synchronous machinery. 

The generating station—isolated or not—must for such a load 
have an automatic voltage regulator system, or they cannot 
expect to accomplish the results which they had anticipated 
with the electric drive. In operating at say 480 volts at the 
generator, which is a common voltage, it is exceptional to see 
the voltage drop below 460. Even with the severest load, 
such as the starting of the band headsaw, or the edger motor, 
there is a voltage drop, but it is instantaneous, the voltage going 
right back to normal again, and under running conditions you 
very seldom see a fluctuation of the voltage greater than one 
or two per cent at the outside. 

In regard to the use of the refuse for briquets and turpentine, 
I referred on page 1353 to the experimental use of briquets for 
paving purposes: “ Attempts have been made to use sawdust 
from Pacific coast mills, which cut mostly fir, spruce, and hemlock, 
for manufacturing wood alcohol and ethyl alcohol. In prac¬ 
tise, however, the manufacturing costs run so high that it has 
proved unprofitable. The latest projected use is in making 
sawdust briquets to be used for paving purpose! Such a plant 
has been completed, although its operations have not extended 
over a sufficient period to determine the ultimate success.” 
There have been several such attempts made, none of which 
has proved successful up to the present time, so far as I know. 



1367 


1914] ELECTRICITY IN THE LUMBER INDUSTRY 

It would be well to compare the use of the refuse for fuel for a 
steam generating station, in connection with a large power system, 
with the development of remotely located water powers. That 
would open up a field for power installations for the power com¬ 
pany which in some cases they could not expect to get otherwise, 
because of the equipment already installed by the milling com¬ 
pany. 

I have heard some mention of the electrical drying scheme 
spoken of by Mr. Weber. I believe that was touched on briefly in 
The Timber man about two months ago. I have heard no com¬ 
ments on its real success. 

An interesting feature of the mill spoken of by Mr. Haris- 
berger is that it was the first case of which we have record where 
the headsaw was direct-connected to a driving motor. They had 
a double circular headsaw in this particular mill, the lower'saw 
connected directly to the motor and the top saw belted from the 
lower one; the operation was entirely satisfactory—-in fact, it 
is to be recommended, with proper precautions taken. The 
log carriage also was driven by a motor. I do not know the par¬ 
ticular scheme that was used, but it was not entirely successful 
from the point of view of sawmill operation, because it did hold 
back production. Mr. Harisberger said that none of the Everett 
sawmills is completely operated from central station power. 
There are two completely electrically operated mills in Everett, 
however, with a third, the largest on the coast, under construc¬ 
tion. 
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THE ELECTRICAL OPERATION OF THE BUTTE, 
ANACONDA & PACIFIC RAILWAY 


BY J. B. COX 


Abstract of Paper 

Of a total of ten notable instances of steam railway electrifica¬ 
tion in this country, the Butte, Anaconda 8c Pacific was the first 
if not the only one in which the prime cause for the change in mo¬ 
tive power was an expected decrease in operating expenses suffi¬ 
cient to give immediately a satisfactory earning on the new 
investment of capital required for the improvement. 

The preliminary investigations and estimates had indicated 
a probable annual saving amounting to about 17.5 per cent on the 
total investment, of which 11 per cent was expected to result 
from the partial substitution of electrical energy, costing about . 

0.552 cent per kw-hr. at the secondaries of the substation trans¬ 
formers, for coal of 12,250 B.t.u. calorific value and costing $4.25 
per ton delivered. The remaining 6.5 per cent was expected from 
reduced cost of locomotive maintenance, engine house expense 
and enginemen's wages. 

On this prospect, an expenditure of $1,201,000 was made in 
the electrification of 90 miles of track and in replacing 22 steam 
locomotives by 17 electric locomotive units which now operate 
about 80 per cent of the total locomotive-miles. 

The actual results as indicated by the first six months of full 
electrical operation show the total net saving in operating expense 
to be at the rate of $242,299.12 per year or an earning of 20.02 
per cent on the investment, of which the decrease in the cost of 
coal and power is 12.5 per cent. 

Other savings are due to decreased cost of locomotive mainte¬ 
nance, engine house expenses, lubricants, supplies and trainmen's 
wages. 

The average tons per train hauled by the electric locomotives 
has increased 33 per cent, the average time per trip decreased 30 
per cent, the delays to traffic decreased 41 per cent, the number of 
trains decreased 25 per cent and the number of engine and train 
crews decreased 25 per cent. 

r 1"‘HE AUTHOR wishes, at the outset, gratefully to acknowl- 
* edge the assistance of Mr. H. A. Gallwey, general 
manager, Butte, Anaconda & Pacific Railway Company. It is 
through his cooperation and effort that the operating data 
given herein are made available. Information of this character 
has seldom been published and that it is here given to the public 
is a tribute to the broad-minded policy of the railway company. 
The Butte, Anaconda & Pacific Railway was built in 1892 
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principally for the purpose of conveying the ore from the mines 
at Butte to the Washoe smelter which had been located at 
Anaconda, 26 miles west of Butte, where an abundant supply 
of water, so necessary in the reduction of the ore, was obtainable. 
The tracks connecting Butte and Anaconda constitute the main 
line, which is approximately 25.7 miles in length. As the mines 
are mostly around the top of Butte Hill and the shafts through 
which the ore is hoisted to the surface are scattered over a con¬ 
siderable area, yards were built at a convenient point on Butte 
Hill for the concentration of the cars containing the ore from 
these shafts, as well as to serve as a distribution point for the 
supplies to the mines, and a branch locally known as the Missoula 



Pig. 2—Outline Map of Railway Lines on Butte Hill for Col¬ 
lection of Ore and Delivery of Supplies 

Gulch line, Fig. 3, was built from these yards to connect with 
the main line at Rocker, where yards were also established. 

Since the concentrator at the smelter is also on a hill at an 
elevation of approximately 340 ft. above the main line, it was 
advisable to establish another yard at East Anaconda from 
which to distribute the ore and other supplies to the different 
centers on Smelter Hill. The lines fro'm these yards at East 
Anaconda to the smelter are known as the Smelter Hill lines, 
the longest branch of which is that leading to the concentrator, 
which is about 7\ miles in length. Two spurs lead off from this 
main track, one to the stock bin yards and the other to the 
copper tracks, Fig. 4. 
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From the Butte Hill yards spur tracks radiate about Butte 
Hill to the shafts of the various mines and other points where 
supplies are to be delivered, Fig. 2. Bins for receiving ore as 
L*t is hoisted from the mines are located near each shaft and from 
bliese bins the ore is loaded into hopper-bottom steel ore cars 
of 50 tons capacity each, these loaded cars being delivered to 
fclie Butte Hill yards, where they are made up into trains and 
taken down to the Rocker yards, where they are made up into 
s-till larger trains and taken over the main line to East Anaconda 
y^ards. Here the trains are broken up to be transported in 
smaller units up Smelter Hill to the concentrator yards. Thus 
practically all of the ore cars are handled by five different engine 
crews between the ore bins at the mines and the receiving bins 
at the concentrator. 



Fig. 3—Map of Missoula Gulch Lines, Rocker to Butte Hill 
Yards, Butte, Anaconda and Pacific Railway 


A total of 27 steam locomotives was owned by the railway 

* 

company, classified as follows: 


Switching. 7 

Consolidation. 8 

Mastodon... 10 

Passenger. 2 


The coal used on the steam locomotives was obtained from the 
mines at Diamondville, Wyoming, and had to be transported 
approximately 395 miles for delivery to the bins of the railway 
company, at which point its average cost was approximately 
$4.25 per ton. 

The machinery at the mines and the smelter had mostly been 
electrified, and the results had been so satisfactory that the 
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railway company had a study of their conditions made for the 
purpose of investigating the advantages that might be expected 
from the electrification of their lines, the result of which was the 
placing of a contract in December, 1911, for the electrical equip¬ 
ment of the main portion of its line, consisting of the main line, 
spurs and yards between Butte and Anaconda, the Missoula 
Gulch line between Rocker and Butte Hill yards and the Smelter 
Hill lines. Owing to local conditions on the spur tracks leading 
to the various mines from Butte Hill yards, it was thought ad¬ 
visable not to electrify these until a later date. 

Three of the steam switching locomotives listed above were 



Fig. 4—Map of Smelter Hill Lines, Butte, Anaconda and Pacific 

Railway 


used daily on Butte Hill .collecting ore from and delivering 
supplies to the various mines from the Butte Hill yards. 

The Georgetown extension to Southern Cross, 22.9 miles west 
of Anaconda, was underway at the time, but as it was expected 
that a few trains per week would take care of the traffic over 
this branch for some time, its electrification was not seriously 
considered in the original study. 

It is fair to assume that a vital consideration leading to the 
electrification of this railroad was the rapid development and 
physical consolidation of a network of hydroelectric power 
plants in the territory tributary to the railroad. 

A contract for the power for the operation of the road was made 
with the Great Falls Power Company, which, operating under 



1914] 


COX: RAILWAY OPERATION 


1373 


5900 


5800 


z: 
o 

1 
u 

uj 5700 
V- 

U-l 
U4, 
li. 


5600 


5500 


5400 


the same management and in physical connection with the system 
of the Montana Power Company, was enabled to guarantee an 

eoooi-r- t- 1 -t -1 ample supply of power at all 

times with exceptional free¬ 
dom from interruptions to 
service, and at a reasonably 
low price. 

The tracks recommended to 
be electrified totaled approxi¬ 
mately 90.5 miles, all of which 
are supplied with power from 
two substations, one being 
located in the Missouri River 
Power Company substation 
on Butte Hill and the other 
in the substation building on 
Smelter Hill, from which elec¬ 
trical power for operating the 
machinery there is distri¬ 
buted. At each of these sub¬ 
stations there was vacant 
space for the location of the 
extra apparatus required for the operation of the railway, and 
the transformer capacity already installed at each. place was 
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Fig. 5—Condensed Profile of 
Missoula Gulch Line 



Fi G . 6-— Condensed Profile of Smeuter Hill Lines 


sufficient to meet the extra demand required for the operation of 
the railway. 

The Anaconda substation is connected with the Butte sub¬ 
station by three high-tension trunk lines. The Butte substation 
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receives power over five separate transmission lines from six 
hydroelectric stations of the following rated capacities: 


Big Hole Development. .. 

.. . . 3,000 

kw. 

60 ft. head. 

Madison River 

a 

.. .. 9,000 

u 

110 “ “ 

Canyon Ferry 

a 

. ... 7,500 

a 

35 “ “ 

Hauser Lake 

u 

. . .. 14,000 

u 

60 “ “ 

Black Eagle 

u 

. .. . 3,000 

a 

44 “ “ 

Rainbow 

u 

• • • 

. ... 21,000 

« 

110 « “ 


Total.. . 

. ... 57,500 

u 



There is also now under construction the Great Falls Develop¬ 
ment, 60,000 kw., 155-ft. head. (Fig. 7.) 



POWER PLANTS 

Madison Mod 2000 kw. 

No.2 

Canyon Ferry 
Houser-Lake 
Big Hole 

Burte Turbo Sream 
Livingston 
Bll/ings 
Bfack Eagle 
Rainbow 


9000 

7500 

14000 

3000 

5000 

1580 

1080 

3000 

2/000 
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Fig. 7—Plants from which Electric Power is Purchased by the 
Butte, Anaconda and Pacific Railway. 


All these plants are on the Missouri River water shed, all 
operafe with free interchange of power, and all, except, the 
first, are located in a series below the new Hebten reservoir, 
now being completed on the head waters of the Madison river, 
with an available capacity of 300,000 acre-ft. of storage. 

The individual plants are also provided with storage reservoirs 
aggregating 125,000 acre-feet of total available storage capacity. 
All of these reseivoirs operating under one control are capable 
of developing from stored water alone, in addition to the power 
otherwise available from the natural flow of the river, the 
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equivalent of about 100,000 electrical horse power for a period 
of 100 days. 

In view of this development, the generally recognized advan¬ 
tages of purchasing electric power from a large operating system 
instead of developing the required power independently were 
readily apparent in the case of the B. A. & P. railway. The 
railroad was -relieved of all first cost of development and trans¬ 
mission of power and of all operating expense up to the point of 
delivery of power to the two substations. The cost of the de¬ 
livered power is less than it would have been from an independent 
development, because the power company is enabled to operate 
large generating stations at relatively high load factor (about 
75 per cent), whereas an independent plant purely for the 
operation of the railway would have to operate in this case 
at about 30 per cent load factor, with correspondingly high 
fixed and operating charges per kilowatt-hour actually used. 
The large number of generating stations and complete network 
of transmission lines already' developed by the power company 
afford ample insurance against interruption to railroad service 
due to possible failure of any part of the generating or trans¬ 
mitting system of the power company, and the enormous inertia 
or flywheel effect of the motor loads connected to the power 
system maintain extremely steady speed and voltage under the 
most extreme variations of load on the railroad. 

The original equipment of each substation was practically 
the same, consisting of two 1000-kw., three-unit motor- 
generator sets with the necessary starting and operating de¬ 
vices. Each motor-generator set consists of a 1450-kv-a., 
three-phase, 60-cycle, 720-rev. per min. synchronous motor 
coupled direct to two 500-kw., 1200-volt direct-current genera¬ 
tors, one at either end, the two generators operating in series 
and supplying 2400-volt direct current to the trolley lines. The 
generators are compound-wound and have compensating pole 
face windings as well as commutating poles. The series fields 
are connected on the grounded side of the armature, while the 
main fields are separately excited from a 1'25-volt circuit. 
The motor-generator sets are capable of carrying overloads 
up to three times normal load momentarily, and 50 per cent over¬ 
load for two hours. The value of this characteristic will be 
appreciated when it is noted that each electric locomotive unit 
has a continuous rating of approximately 900 kw., almost equal 
to that of a single motor-generator set, and frequently 16 of the 
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Fig. 8—Diagram Showing Substation Loads 
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Fig. 9—Eighty-Ton, 2400-Volt Locomotive 


^ig. 10—Type of Steam Switching Locomotive Formerly 

Used on Butte Hill 


Fig. 11—2400-Volt Motor-Generator Set Consisting of One 1450- 
Kv.a., 2300-Volt 60-Cycle Synchronous Motor and Two 500-Kw., 

1200-Volt, D-C. Generators in Series 
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17 units are in service simultaneously, 11 of which are concen¬ 
trated at the Anaconda end at intervals. 

Seventeen 80-ton electric locomotive units were purchased, 
originally, fifteen of which are being operated in freight service 
and two in the passenger service. These units are practically 
interchangeable, with the exception of the gearing, the passenger 
locomotive being geared to operate normally at 40 or 50 mi. 
per hr. while the freight locomotives are geared to operate at 
from 15 to 25 mi. per hr., the maximum free running speed 
being approximately 35 mi. per hr. The continuous tractive 



Fig. 12 —Characteristic Curves of Freight Locomotives 


effort of the freight units is 25,000 lb., at 15 mi. per hr., but they 
are capable of exerting a maximum tractive effort of 48,000 
lb. for five-minute intervals, based on a coefficient of adhesion 
of 30 per cent. 

All the locomotive units are of the articulated, double-truck 
type with twin gears mounted on projections 'provided on the 
wheel centers for the purpose, and in general mechanical design 
are similar to the electric locomotives in operation on the Great 
Northern railway, the Detroit River Tunnel railway and the 
Baltimore & Ohio railway. Each unit is equipped with four 
commutating-pole motors wound to operate at 1200 volts each, 
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but insulated for 2400 volts, so that two are connected perma¬ 
nently in series and the four arranged in pairs, thus securing the 
usual two running points, with the difference that on the series 
position all four motors are in series, and in multiple the two pairs 
are connected in series-parallel. 

The standard rating of each motor is approximately 300 
h.p., making the hourly rating of each locomotive unit about 
1200 h.p. The control equipment is of the multiple-unit type 
and provides a total of 19 steps, ten of which are in series and 
nine in series-parallel. The 2400-volt contactors, switches, 
fuses, etc., are located in enclosed compartments where they 
can be reached only by deliberate effort. The current for the 
operation of the control equipment, the air compressor, and 
the lights on the locomotive as well as the lights on the passenger 
coaches, is supplied by a 2400/600-volt dynamotor located in 
the main compartment of each locomotive unit. 

A blower is direct-connected to the armature shaft of this 
dynamotor which provides artificial ventilation for the main 
motors and the rheostats. The principal data and dimensions 
pertaining to the electric locomotives are as follows: 


Length inside of knuckles. 37 ft. 4 in. 

Length over cab. 31 « 

Height over cab. 12 “ 10 “ 

Height with trolley down. 15 “ 6 “ 

Width over-all. 10 “ * 

Total wheel base. 26 “ 

Rigid wheel base. 8 “ 8 “ 

Track gage. 4 « 8J “ 

Total weight.'. 160,000 lb. 

Weight per axle.. 40,000 “ 

Wheels, steel tired. 46 “ 

Journals. 6 a 13 “ 

Gears, forged rims, freight locomotives .... 87 teeth. 

Gears, forged rims, passenger locomotives . 80 “ 

Pinions, forged, passenger locomotives. 18 “ 

Pinions, forged, freight locomotives. 25 “ 

Tractive effort at 30 per cent coefficient.. .. 48,000 1b. 

Tractive effort at one hour rating. 30,000 “ 

Tractive effort at continuous rating. 25,000 “ 


Work on the electrification began in the spring of 1912, and 
the first electric locomotive was run in Anaconda on May 14th, 
1913, about a year later. 

On May 27, two ore trains were hauled up Smelter Hill ' on 
trial trips with electric locomotives and on the following 



















1914] 


COX.: RAILWAY OPERATION 


1379 


day a double-unit electric locomotive took over the regular 
day service of hauling the ore from East Anaconda yards to the 
concentrator yards, the distance between which is approxi¬ 
mately seven miles, the ruling gradient being 1.1 per cent com¬ 
pensated, and the grade fairly uniform through the entire dis¬ 
tance, Fig. 6. The steam locomotives used in this service were 
of the Mastodon type, weighing 108 tons, 83 tons of which was 
on the drivers. The weight of the tender loaded was approxi¬ 
mately 55 tons, making the total weight of locomotive and 
tender about 163 tons, which would average closely to the 
weight of the double-unit electric locomotive supeiseding it. 
The steam locomotive made ordinarily six round trips per 
shift, hauling 16 loaded ore cars per trip, equaling 96 cars per 
shift. 

The average time for the trip from East Anaconda to the 
concentrator yards with 16 loaded cars for the steam locomotive 
was about 45 minutes. The double-unit electric-locomotive 
began taking only 16 cars per trip but made 8 trips per shift, 
delivering 128 cars per shift. The average time for the up¬ 
hill trip with the electric locomotive was about 22 minutes, or 
approximately half the time required by the steam locomotive 
for the same number of cars. Empty cars were taken to East 
Anaconda on the return trip which, being all down grade, gave 
the electric locomotive no decided advantage, as the speed in 
either case was limited to about 25 mi. per hr. for safety, on 
account of the curves in the line. The number of cars hauled 
per trip was kept the same with the electric locomotives in the 
. beginning as it had been with steam, as it had been decided 
to make the change-over by gradually replacing one steam loco¬ 
motive at a time with an electric, taking the engine crew off 
the one and placing it on the other, thus breaking them in on 
the electric locomotives in regular service. 

One of the regular steam engineers had been given special 
instructions on the electric locomotives during the experimental 
running in order that he might become competent to act as 
instructor to the other engineers until they were sufficiently 
familiar with the electric locomotives to be left alone. 

The load per trip in this service was gradually increased from 
16 cars to 25 cars, which is to be the standard for the present. 
The average time for the up-hill trip with 25 cars is about 26 
minutes so that eight trips per shift are easily made, making a 
delivery of 200 cars possible or an increase of slightly more 
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than 108 per cent over what had been possible for the same 
crew with steam locomotives. These loaded ore cars average 
from 70 to 72 tons each, making the trailing load for a 25-car 
train from 1750 to 1800 tons. 

On arrival at the concentrator yards the ore trains are taken 
by a switching engine called the “spotter”, which places one 
car at a time over the weighing scales, after which they are re¬ 
arranged for placement over the concentrator bins from which 
the ore is fed by gravity to the crushers. 

On June 20th this spotting service was taken over by a single¬ 
unit electric locomotive and on July 2nd the night service up 
Smelter Hill was taken over by the double-unit electric loco¬ 
motive. The steam locomotive used for the spotting service 
was of the consolidation type and weighed 93 tons, 83 of which 
was on drivers, the tender weighing loaded 62 tons, making the 
total weight of engine and tender 155 tons. The steam loco¬ 
motive used in the night service on Smelter Hill was similar 
to that used in the day service. When the electric engines were 
put on the night service all the handling of ore between East 
Anaconda and the concentrators was done electrically, and the 
hauling capacity per crew was so much greater that it was no 
longer necessary to have a “spotter” crew on the night shift 
so that this crew was eliminated, and the night crew hauling 
the ore up Smelter Hill did their own spotting on arrival at the 
concentrator yards, it being no longer necessary to make the 
regular number of trips. Thus, where formerly during steam 
operation four engine and train crews had been required, now 
with electric locomotives three similar crews were able to do 
the same work and in less time, thereby reducing the number 
of crews required in this particular service 25 per cent. 

On July 9th the stock bin engine was replaced by an electric 
unit. This engine is engaged mostly in a switching service, 
placing cars of coke, coal and other supplies at the smelter. 
The type of steam engine used here was the same as that used 
for the “spotter” service described above. 

Another engine locally known as the “tramp” because of 
the irregularity of the time or place of its service was partially 
replaced on July 24th. As some of the tracks over which this 
engine had to operate at times had not been equipped with 
overhead wires, the infrequency of their use not warranting 
the expense when other conditions made it necessary to keep 
one or more steam locomotives in operation, the service of this 
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Fig. 13—Bracket Tangent Construction on Smelter Hill fcox] 











Fig. 14—Double Track Span Construction on Main Line and 
General View of Smelter Hill from West of East Anaconda Yards 
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Fig. 16 —Concentrator Yards [cox] 





Fig. 17 —Overhead Construction in Rocker Yards [cox] 



Fig. 18 —Sixty-Five Car Ore Train—Total Trailing Load 4550 Tons [cox] 
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electric unit was intermittent. This practically completed the 
electrification of the Smelter Hill service and no further exten¬ 
sion of electrical operation was made until October, as the 
trolley construction on the main line was not completed until 
that date. 

On the forenoon of Sept. 30th an inspection trip was made 
over the main line from Anaconda to Butte and in the after¬ 
noon a special train carrying officials and visitors from a neighbor¬ 
ing road was taken from Butte to Anaconda and return by one 
of the electric locomotives intended for the passenger service. 
On October 1st the regular passenger service between Butte 
and Anaconda was taken over for electrical operation. The 
steam locomotives used in the passenger service weigh approxi¬ 
mately 80 tons, 60 tons of which are on drivers, the tender 
loaded weighing 52 tons, making the total weight of engine and 
tender 132 tons. The distance between the stations Anaconda 
to Butte—is 25.7 miles, the schedule time for the trip, one hour. 
No change has been made in this time, though a reduction of 
20 per cent would be possible with the electric locomotives 
were such desired. The standard passenger train consists 
of one mail and baggage coach and two to four passenger coaches, 
but as many as 12 passenger coaches are handled by a single 
electric unit on special occasions, such as excursions and on 
holidays. 

The baggage coaches average approximately 40 tons in weight 
and the passenger coaches 45 tons each making, the gross 
weight of the three-car electric train approximately 210 tons, 
whereas that of a similar steam train was 262 tons, showing 
a reduction of 19 per cent in favor of the electric locomotive 
with approximately 33 per cent more weight on its drivers. 
As had been done in the freight service, the steam enginemen in 
the passenger service were transferred from the steam to the 
electric locomotives with but little previous instruction, and 
after the first day or so were left mostly to themselves. It may 
be of interest to note here that on the day shift, averaging four 
trips per day, during the first five months the passenger train 
did not come in late a single time on account of engine trouble. 
A comparison of the delays to the passenger trains for the 
month of June, 1913, steam operation, with the same month, 
electrical operation, 1914, as shown in Table V, results as 
follows: 
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No. of 
Trains 

Delays on Account of 

Total 

Delays 

Meeting 

Points 

Power 

Engine 

Failure 

Lost Run 
Time 

All 

Causes 



Hr. Min. 

Hr. Min. 

Hr. Min. 

Hr. Min. 

Hr. Min. 

Steam, 1913. 

272 

15 : 49 


44 

4 : 13 

20 : 46 

Elec., 1914. 

280 

3 : 54 

27 

24 

25 

5 : 10 

Decrease. 

8* 

11 : 55 

27* 

20 

3 : 48 

15 : 36 

Percentage of sav- 







ing due to electrical 







operation. 

2.94* 

75.66 


45.45 

90.10 

75.12 


* Increase. 


June was taken at random for a comparison, as that month’s 
records were still in the office file but the results are considered 
representative of general performances. 

On October 10th a double-unit electric locomotive was put 
in the day freight service on the main line between East Ana¬ 
conda and Rocker, a distance of 20.1 miles. The steam loco¬ 
motive replaced in. this instance was of the Mastodon type 
weighing 103 tons, 77 tons of which was on drivers, the tender, 
loaded weighing 55 tons, making the total weight of locomotive 
with tender 158 tons. The standard train hauled on the trip 
west was 50 to 55 loaded ore cars weighing approximately 3500 
to 4000 tons gross and the average running time of such trains 
where no stops were made was about 1§ hours, corresponding 
to an average speed of approximately 13.4 miles per hour. In 
the beginning the electric locomotive took only the stan dar d 
train but made the trip without stop in about one hour, corre¬ 
sponding to an average speed of 20 mi. per hr. The ruling gra¬ 
dient on the westward trip is 0.3 per cent and about half the 
distance is down grade. On the 0.3 per cent grade with a 55- 
car train, the steam locomotive made about seven mi. per hr. 
The electric locomotives with similar train now make about 
16 mi. per hr. on the same grade. 

The weight of the trains hauled by the electric locomotives 
on this run has been gradually increased up to 65 loaded ore 
cars averaging about 71 tons each, making the gross weight 
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ling about 4620 tons. Adding 160 tons for the weight of 
double-unit electric locomotives and 20 tons for the caboose 
c es a gross train weight of approximately 4800 tons. 

'pie remainder of this main line freight service was gradually 
on during the months of October and November, thus 
^-pleting the electrification of the main line service. As 
3 _y as 76 ordinary freight cars loaded with coal, coke and 
e ral merchandise have been taken in a single train on the 
-t-bound trip and 85 empties are frequently taken from 
X Anaconda to Rocker east-bound, the ruling grade being 
per cent. 

'&hle IV gives comparative results of the month of June 1913 
t *n operation vs. the same month, 1914, electrical operation 
-ptis main line service, showing that with a slight increase in 
total tons of ore hauled the average tons per train was in- 
=tsed from 1761 to 2378 or 35 per cent, thus decreasing the 
rage number of trains per day from 12.5 to 9.3, or 25.6 per 

X* 

7 able III, giving a comparison of the time per trip for 
se trains, is representative of the gain in this direction to be 
Led to the decrease in the number of trains. The average 
„e per trip during steam operation was approximately two 
irs and 25 minutes, while with the electric locomotive it was 
>roximately one hour and 45 minutes, showing a decrease 
40 minutes, or 27.5 per cent. These figures represent the 
Le' put in by the crews between Rocker and Anaconda, the 
tance being 21.8 miles. 

Che result of these improvements is indicated in Tables I 
1 II, which show that the overtime in this particular service 

1 been decreased 73.5 per cent and the total time 42 per cent, 
tilting not only in greater economy to the railway company 
s in shorter and easier hours for the crews. 

Fhe service on the Missoula Gulch line running between 
cker and Butte Hill yards was taken over for electrical opera- 
n on October 20th. This line is 4.5 miles in length and the 
ing gradient 2.5 per cent, Fig. 5. The steam locomotives 
id. on this line were of the Mastodon type, weight 106 tons, 
tons of which were on the drivers, the tender loaded weigh- 
: 56 tons, thus making the total weight of engine and tender 

2 tons. Two complete crews had been required to handle 
s service during steam operation, averaging six trips per day 
dh. A single crew with a double-unit electric locomotive has 



1384 


COX: RAILWAY OPERATION 


[vSept. 10 


been doing this work successfully. Thirty-five to 45 loaded 
ore cars are taken down from Butte Hill yard to Rocker, and 
about an equal number of empties taken up. In addition to 
the empties, large quantities of timber and supplies for the 
mines are delivered over this line. 

TABLE I 


Number of Hours Engine Crews were Employed in Various 
Services—'June 1913 Steam Operation 



Anaconda Yard 

Butte Hill Yard 

Local 

Road 

Date 

Regular 

Over 



Regular 

Over 

Regular 

Over 


Time Hr. 

Time Hr. 

Time Hr. 

Time Hr. 

Time Hr. 

Time Hr. 

Time Hr. 

Time Hr. 

June 1 

SO 

14 

20 * 

4.50 

20 

3.25 

30 

13.75 

2 • 

90 

6.50 

20 

6.50 

20 

5.75 

40 

17.25 

3 

50 

5 

— 

— 

20 

5.25 

40 

15 

4 

70 

11.75 

20 

8.25 

20 

6.75 

30 

11.50 

5 

SO 

11.75 

20 

8.00 

20 

6.00 

30 

12.25 

• 6 

70 

9.25 

20 

9.00 

20 

10.00 

30 

14.50 

7 

80 

13.75 

20 

8.75 

20 

6.50 

30 

11.25 

8 

70 

8.00 

20 

8.75 

20 

4.75 

30 

12.25 

9 - 

70 

10.50 

20 

11.50 

20 

8.25 

30 

11.50 

10 

80 

8.75 

20 

7.75 

20 

2.00 

30 

9.00 

11 

80 

13. 

20 

10.25 

20 

7.00 

30 

10.50 

12 

70 

7.00 

20 

2.00 

20 

5.25 

30 

12.00 

13 

40 

5.25 



10 

1.00 

20 

6.75 

14 

70 

12.25 

20 

11.25 

20 

7.50 

30 

9.50 

15 

70 

10.25 

20 

8.75 

20 

5.25 

30 

11.00 

16 

80 

8.75 

20 

9.75 

20 

16.00 

30 

9.25 

17 

80 

7.75 

20 

9.00 

30 

11.00 

30 

15.25 

18 

70 

12.25 

20 

7.50 

20 

10.75 

30 

12.50 

19 

70 

9.50 

20 

9.00 

20 

3.75 

30 

8.00 

20 

80 

12.00 

30 

10.75 

20 

5.75 

30 

8.75 

21 

80 

9.75 

20 

10.25 

20 

3.50 

30 

12.75 

22 

70 

5.50 

20 

7.75 

20 

5.75 

30 

10.00 

23 

70 

7.00 

20 

8.25 

20 

•6.75 

30 

8.75 

24 

80 

7.50 

20 

4.50 

20 

8.00 

30 

9.00 

25 

70 

9.25 

20 

6.00 

20 

9.00 

30 

11.50 

26 

80 

10.25 

20 

9.00 

20 

7.00 

30 

13.27 

27 

70 

7.75 

20 

7.50 

20 

7.00 

30 

10.25 

28 

70 

5.50 

20 

2.50 

20 

4.75 

30 

9.00 

29 

80 

6.00 

20 

1.50 

20 

3.75 

30 

9.75 

30 

SO 

8.75 

20 


20 

7.00 

30 

9.50 

Total 

2200 

274.50 

570 

208.50 

600 

194.25 

910 

335.50 


Tons Ore Hauled During Month—311,450* 


On November 25th, the last of the electric locomotive units 
went into service, thus completing the electrification originally 
intended. The full electrical service has, therefore, now been 
in operation more than nine months and that on Smelter Hill 
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more than 15 months, so that the total locomotive-miles operated 
would be approximately close to an average year’s performance. 

TABLE II 


Number of Hours Engine Crews were Employed in Various 
Services—June 1914 Electrical Operation 


• 

Anaconda Yard 

Butte Hill Yard 

Local 

Road 

Date 

Regular 

Over 

Regular j 

Over 

Regular 

Over 

Regular 

Over 


Time 

Time 

Time , 

Time 

Time 

Time 

Time 

Time 

June 1 

70 

7.25 

20 

1.25 

20 

2.50 

30 

2.25 

2 

70 

8.25 

20 

4.00 

20 

2.50 

30 

5.00 

3 

70 

9.50 

10 

1.00 

20 

4.00 

30 

1.25 

4 

60 

7.25 

10 

2.00 

20 

2.75 

30 

4.25 

5 

60 

12.50 

10 

2.00 

20 

2.75 

20 

2.50 

6 

60 

7.25 

' 10 

2.00 

20 

2.50 

20 

2.25 

7 

70 

8.25 

10 

2.00 

20 

2.00 

20 

6.25 

8 

60 

8.75 

10 

1.75 

20 

2.75 

20 

3.00 

9 

60 

10.50 

10 

1.50 

20 

4.75 

20 

4.75 . 

10 

60 

11.25 

10 

1.75 

10 

1.00 

20 

1.75 

11 

60 

5.00 

10 

1.50 

20 

3.75 

20 

1.25 

12 

60 

9.00 

10 

1.00 

20 

2.00 

20 

1.25 

13 

30 

1.75 

10 

1.00 

10 

1.00 

10 

4.00 

14 

60 

5.50 

10 

1.25 

20 

2.25 

20 

1.25 

15 

60 

6.50 

10 

1.00 

20 

2.75 

20 

1.50 

16 

60 

4.00 

10 

1.50 

20 

2.50 

20 

2.00 

17 

60 

7.75 

10 

1.00 

20 

3.00 

20 

2.75 

18 

60 

8.75 

10 

1.75 

20 

2.25 

20 

1.50 

19 

60 

7.25 

10 

3.00 

20 

2.25 

20 

2.25 

20 

60 

10.75 

10 

1.75 

20 

2.25 

20 

5.75 

21 

60 

8.75 

10 

1.75 

20 

2.25 

20 

1.25 

22 

50 

5.50 

10 

1.00 

20 

2.75 

20 

2.25 

23 

60 

6.75 

10 

1.00 

10 

1.50 

20 

3.50 

24 

60 

11.25 

10 

1.50 

20 

3.00 

20 

3.50 

25 

60 

7.75 

10 

1.50 

20 

2.25 

20 

5.25 

26 

60 

5.75 

10 

1.25 

20 

2.50 

20 

1.75 

27 

60 

8.50 

10 

1.25 

20 

2.00 

20 

3.75 

28 

60 

4.25 

10 

3.00 

10 

1.75 

20 

2.00 

29 

60 

6.00 

10 

1.00 

10 

1.75 

20 

5.50 

30 

60 

10.50 

10 

1.25 

20 

2.25 

20 

3.50 


Total 1800 232.00 320 48.50 550 73.50 630 89.00 

Decrease 400 42.50 250 160.00 50 120.75 280 246.50 


Total 1800 232.00 320 48.50 550 73.50 630 89.00 

Decrease 400 42.50 250 160.00 50 120.75 280 246.50 

Regular ’ Over Total 

Total time 1913—Steam. 4280.00 1012.75 5292.75 

« « 1914 Electric.. 3300.00 443.00 3743.00 


Decrease ... 9S0.00 569.75 1549.75 

Percentage of decrease. 22.89% 56.26% 29.28% 


Tons ore hauled during month—319,700 

This was the first installation of 2400-volt direct-current 
apparatus for the operation of a railway in this country, 1500 
volts being the highest, heretofore installed for such a purpose. 
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The results have been more satisfactory than had been anti¬ 
cipated and the development charges due to such imperfections 
as usually appear during the first year of operation have been 
perhaps smaller than is customary with an undertaking of like 
magnitude, even where standard apparatus is used. 


table in 


Comparison of Time Required per Trip of Freight Trains. 

Between Rocker and Anaconda—First 2 Days of June 1913, Steam Operation, 
with Corresponding 3 Days Electrical Operation. 


1913 Steam 

1914 Electric 

« 

East Bound. 


West Bound 

East Bound 

West 

Bound 

Train No. 

Tons 

Time 

Tons 

Time 

Tons 

Time 

Tons 

Time 



Hr. Min. 


Hr. Min. 


Hr. Min. 


Hr. Min. 

1 

255 

1 : 13 

1705 

2 : 00 

380 

1 : 02 

2915 

2 :00 

2 

1010 

1 : 50 

2848 

2 : 05 

314 

1 :15 

3092 

2 :00 

3 

1010 

3 :20 

3760 

2 : 10 

1336 

1 :45 

4088 

1 :20 

1st 4 

915 

2 : 40 

3420 

2 :30 

1260 

1 :40 

3830 

1 :10 

5 

1047 

2 : 30 

2944 

3 :45 

1240 

1 : 40 

4009 

2 :05 

6 

1000 

2 : 20 

2935 

2 :05 



* « 

• • 

7 

1010 

4 : 00 

• • 


• • 

• • 

■ • 


1 

415 

1 : 07 

3110 

3 :40 

416 

1 :10 

3100 

2 : 00 

2 

1010 

2 : 10 

3760 

2 : 10 

1154 

1 :40 

3220 

1 :25 

2nd 3 

1010 

2 : 45 

2884 

2 : 00 

1298 

,2 : 00 

3752 

2 :20 

4 

1010 

3 : 00 

3420 

2 : 00 

458 

1 : 45 

4029 

2 :10 

5 

1104 

2 : 20 

3420 

2 : 00 

1232 

2 : 00 

3720 

2 : 20 

6 

1000 

3 : 00 

2910 

2 : 50 

1190 

1 : 55 

2840 

2 : 35 

1 

380 

1 : 02 

3380 

2 : 50 

470 

1 : 03 

2515 

1 :15 

2 

1010 

1 : 50 

1630 

2 :45 

1280 

1 :40 

3964 

1 :10 

3rd 3 

992' 

2 : 50 

200 

2 : 00 

1298 

2 : 05 

4098 

1 :30 

4 

884 

2 : 20 

0 

1 : 20 

482 

1 :40 

3760 

1 :40 

5 

1046 

2 : 40 

3150 

2 : 30 

1074 

2 : 10 

3138 

2 :30 

6 

1084 

3 : 15 

2770 

2 : 40 

1200 

2 : 15 

0 

1 :10 


Totals 19 17192 46:12 18-48246 43 :20 17-160S2 28:45 17-56070 30:40 


Av’ge per 

Train. 905 2:26 2680 2:24 946 1:41 3298 1:48 

Grand Average. 1768 tons per train, time per trip 2.25; 2150 tons per train, time per trip 
1:45. 

Result. 20.0% increase in tonnage per train, 27.58% decrease in time per trip. 

*On June 5th, 1914, one main line crew was taken off and the tonnage of the remaining 
trains increased so as to handle the regular business. 

Difficulties especially attributable to the higher potential 
have been negligible, and while there have been occasional in¬ 
stances of arcing and flashing or short circuits due to ordinary 
causes, the resultant damages have been really smaller than 
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might be expected from a like occurrence on a 600-volt installa¬ 
tion of equal capacity. 

The original brushes supplied in the motors chipped badly 


TABLE IV 

Comparison of Freight Train Movements between Rocker and Anaconda. 
Steam Operation for Month of June 1913 with Electrical Operation for Same 

Month 1914 


1913 Steam 

East Bound j 

West Bound 


No. 

Total 

No. 

Total 

Date 

Trains 

Tons 

Trains 

Tons 

1 

7 

6247 

6 

17612 

2 

6 

5549 

6 

19504 

3 

6 

5396 

6 

11130 

4 

7 

5584 

6 

14632 

5 

7 

5848 

6 

14625 

6 

7 

5877 

6 

19471 

7 

7 

5698 

6 

21021 

8 

7 

6388 

7 

17023 

9 

6 

5508 

7 

12507 

10 

6 

5039 

6 

19240 

11 

6 

5381 

5 

15925 

12 

5 

4376 

6 

18112 

13 

5 

3705 

5 

9565 

14 

6 

4912 

6 

7841 

15 

7 

5652 

7 

17691 

16 

6 

5180 

7 

17518 

17 

6 

5475 

6 

16090 

18 

6 

5483 

6 

16592 

19 

7 

6003 

6 

18301 

20 

7 

5277 

6 

22283 

21 

7 

5737 

6 

18986 

22 

7 

5082 

6 

15464 

23 

6 

5386 

6 

11941 

24 

6 

5098 

6 

18210 

25 

7 

5544 

7 

17992 

26 

7 

5690 

6 

18304 

27 

7 

5935 

6 

14764 

28 

7 

5754 

5 

17297 

29 

6 

5105 

6 

19899 

30 

6 

5221 

6 

17584 

Total. 

193 

163,130 

182 

497,124 

Average.... 

6.4 

845 

6.1 

2,731 


1914 Electric 


East Bound 


No. 

Trains 


5 

6 
6 
6 
5 

4 

5 
5 
5 
5 

4 

5 
2 

4 

5 

4 

5 

4 

5 
5 

4 

5 

4 

5 
5 
5 
4 

4 

5 
5 


Total 

Tons 


4530 

5748 

5804 

6127 

5334 

4804 

6579 

6083 

5796 

6027 

5345 

5670 

2322 

4638 

5262 

5116 

6433 

5141 

6661 

6768 

5120 

6017 

4121 

6556 

6531 

6782 

4362 

5047 

6455 

6617 


West Bound 


No. 

Trains 


5 

6 
6 
6 
5 

4 

5 
5 

4 

5 

4 

5 
1 
4 
4 

4 

5 

4 

5 
5 

4 

5 

4 

5 
5 
5 
4 

4 

5 
5 


Total 

Tons 


17934 

20661 

17425 

18332 

17155 

17563 

19073 

14170 

15292 

16926 

12832 

17881 

3042 

13803 

15761 

16408 

20581 

17546 

18489 

17992 

11932 

15613 

15930 

18917 

16855 

18593 

18038 

14884 

17941 

18128 


141 

4.7 


167,796 

1,190 


138 

4.6 


495,697 

3,592 


2378 tons per 


train. 

Results- 


-25.6% less trains. 


35.0% greater tonnage per train. 


and before all these had been replaced it was often found when 
the units were brought in for regular inspection that some of 
the brushes were broken entirely into pieces, and while there 
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was evidence that a flash-over might have occurred at some time, 
no harm had resulted other than the blowing of the motor fuse, 
on the replacement of which the engine was continued in service 
until its regular time for inspection, when the cause of the fuse 
blowing would first be discovered. 

The fact that the locomotives continued in service thus is 
sufficient evidence of the harmlessness of the arc-over and in 
no instance of the kind has any real damage been done. The 
locomotives have made from 25,000 to 50,000 miles each and 
without exception the motors are in excellent condition. The 
wear on the commutators is imperceptible and the general 
performance of the entire equipment is quite as satisfactory 
and promising as that of any railway equipment with which 
we have had experience in similar service. 

The overhead construction has been quite satisfactory and 
a recent examination of the trolley wire shows no indication of 
unusual wear. The roller pantographs are operating quite 
successfully, the average life of these being from 10,000 to 
12,000 miles per roller. Where a double-unit locomotive is 
operated, the two pantographs are connected electrically by a 
main bus line, and the average current collected by each, when 
ascending the grades with standard loads, is from 350 to 400 
amperes. Two pantographs operating in multiple thus will 
collect more than double the current that can be successfully 
collected by a single pantograph for the reason that sparking 
is usually due to the momentary breaking of contact between 
the trolley wire and the roller caused by hard spots in the line. 
When two pantographs are operated in multiple both do not 
encounter these hard spots at the same instant, hence one of 
■ the two is more apt always to be making good contact, so that the 
flow of current is not so frequently interrupted and consequently 
the sparking is greatly reduced. The double units operating 
on Smelter Hill were run experimentally for several days with 
only a single roller making contact with the wire, the operation 
being quite successful with the single roller collecting an aver¬ 
age of 650 to 750 amperes while running at 16 to 17 mi. per hr. 
and 800 to 1000 amperes during the accelerating period in 
multiple. The sparking was not serious except at hard points 
in the line, and with two rollers in multiple there should be no 
difficulty in collecting 500 to 600 amperes per roller, which at 
2400 volts should be equal to the requirements of any ordinary 
locomotive unit. 
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The bearings first used in the rollers were provided with 
ordinary bushings lubricated with oil but when the bushings 
became slightly worn the oil was thrown out along the spindle 
and had to be replenished at comparatively frequent intervals. 
This was not serious in the operation of the freight locomotives 
but became more so when the passenger service was started, 
as the higher speed caused the oil to be thrown out more quickly, 
resulting in very short life of the bushings. Slight changes 
were made in the bearings and grease was substituted for the 
oil as a lubricant, which proved quite satisfactory. However, 
the vibration which results from too much play in the bearings 
of the roller when operating at high speeds made it desirable 
to increase the life of these bearings as much as possible, so 
that, later, roller bearings with grease lubrication were installed 
with excellent results. As yet, these have not been in operation 
a sufficient length of time to indicate definitely how long they 
maybe expected to last, but it would appear that the bearing 
will last much longer than the roller and that the attention, 
required for the adjustment and lubrication of the bearing or 
the roller will be negligible. 

On account of a decision of the mining company to divert to 
the Washoe smelter, at Anaconda, the shipment of approxi¬ 
mately 3000 tons of ore per day that had previously been sent 
to the smelter at Great Falls, which will increase the oie traffic 
over the Butte, Anaconda & Pacific approximately 25 per cent, 
an extra motor-generator set, a duplicate of the original sets, 
has been installed in the Anaconda substation as a spare set, 
and four additional electric locomotive units were ordered and 
will be delivered within the next three months. These units 
will be duplicates of the original ones except that they are to 
be arranged for operating with an extra tractor truck attached 
' when desired. This tractor truck will be a duplicate of the stand¬ 
ard truck used under the regular units, with two standard motors 
mounted upon it with the necessary arrangements for coup¬ 
ling, both mechanically and electrically, so that the standard 
unit and the tractor truck may be operated as 'a single unit. 
The motors of the tractor truck are connected with those on 
the standard unit in such a manner as to place all six motors 
in series on the series points of the controller, and with a series- 
multiple connection with three motors in each series, on the 
multiple position of the controller. This arrangement will 
make the tractive effort of the new unit 50 per cent greater 
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than that of a standard unit for the same input, with a reduction 
in the free running speed of about 33J per cent. 

This arrangement was made advisable because of the increase 
in the weight of the trains taken up Smelter Hill, amounting 
to approximately 56 per cent. A single unit when used in the 
“spotting” service is taxed close to the slipping point of its 
wheels when accelerating these heavier trains on the 0.5 per 
cent grades under ordinary conditions of weather, and has to 
be handled very carefully with the continuous use of sand when 
the condition of the rails is unfavorable. Connecting the addi¬ 
tional motors in series will also result in considerable power 
economy, since with a single unit the controller is seldom off 
the series resistance points, on account of the heavy trains handled 
and the short movements required. 

Small change in the personnel of the maintenance or operating 
departments of the railway has been made on account of the 
electrification, nor has there been any reduction in salaries or 
wages. An extra man with electrical experience was placed 
in the shops to supervise the electrical repairs to the locomotives 
and three linemen were retained for the maintenance of the 
trolley system. 

The three steam switching locomotives used for concentrating 
the ore at and distributing supplies from Butte Hill yards are 
continued in this work for reasons heretofore stated. Another 
steam locomotive is used on the Georgetown branch and a 
fifth one operates at intervals over unelectrified tracks at the 
Anaconda end. Approximately 20 per cent of the total loco- 
motive-miles now being operated is by these five steam loco¬ 
motives, the cost of which, as shown in Table VI, is upwards of 
40 per cent of the total cost of all locomotive performance. 

The electrification of the remaining tracks on Butte Hill 
has been recommended and, no doubt will be commenced at 
an early date. Table VI referred to was made up from the reg¬ 
ular monthly locomotive performance sheets of the railway 
company, from which the principal saving resulting from the 
electrification may be noted. The saving from the partial 
substitution of electric power for coal is the chief item, being 
at the rate of $150,727.04 per year, which is remarkable when 
it is considered that more than 39 per cent of the total combined 
costs for fuel and power for the period considered was for coal 
and charged against electrical operation. In this instance 
the saving on this item alone would undoubtedly justify the 
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expenditure covering the entire cost of electrification. It is 
to be noted that with a single exception, that for depreciation 
of equipment, every item of expenditure in the locomotive 
performance sheet shows a substantial percentage of decrease 

in favor of electrical operation. 

It is the practise of the railway company to adjust deprecia¬ 
tion charges on all locomotives at the beginning of each half 
year. The amount to be charged to the depreciation of a new 
locomotive for the first half year it is in service is determined 
by taking a fixed percentage of its cost to the company, one- 
sixth of this amount being charged against the locomotive each 
month for the half year, at the end of which the amount of the ■ 
depreciation for the period is deducted from the original cost 
of the locomotive to give a new value, of which the original 
fixed rate of percentage is taken in determining the amount of 
the depreciation for the following half year, and so on. 

The Interstate Commerce Commission ruling does not per¬ 
mit a depreciation charge until the locomotive actually becomes 
the property of the railway company and as the electric loco¬ 
motives w r ere not formally taken over by the company until 
March, 1914, the proper monthly charge begins only with that 
month in the regular monthly performance sheet from which 
Table VI was compiled. In fairness to the performance sheet, 
only the proper monthly depreciation charges were made, but 
as some of the locomotives had been in service eight months 
before these charges began, an adjustment was necessary to 
make a proper distribution of the back depreciation, so that 
while Table VI shows only the proper monthly charge for the 
six months compared, amounting to $8,471.84, in Table VII 
under “maintenance of equipment” the total back charges 
were included, amounting to $20,047.48. It is evident that 
the depreciation reckoned on this basis for the first months of 
service would be comparatively high. 

The total saving from locomotive performance alone as in¬ 
dicated by Table VI is at the rate of $237,581.82 per year, to 
which should be added the credit of handling an increase of 
traffic at the rate of 13,938,136 ton-miles per year or 8.77 per 
cent more than was handled by the steam locomotives during 
the period compared. To this saving from locomotive per¬ 
formance should be added the saving from trainmen’s wages, 
which is at the rate of $31,146.30 per year, or a decrease of 
approximately 21 per cent, due largely to the elimination of 
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overtime (Tables I and II), making the total saving from these 
two items $268,728.12 per year. From this should be deducted 
$10,839.12 for maintenance of the distribution system, leaving 
$257,889 as the net operating saving per yea l r due to electrical 
operation. 

The roadmaster states that it is quite evident that the elec¬ 
tric locomotives are much easier on the track at curves but that 
there is no noticeable difference on tangent track, and that 
while sufficient time has not yet elapsed to form definite con¬ 
clusions, present indications lead him to expect that any dif¬ 
ference relative to his work will be favorable to the electric 
locomotives. 

Arranging the items of expense appearing in Table VI in the 
order of usual appearance in the summary of a standard loco¬ 
motive performance sheet, and placing them on a yearly basis, 
results as follows: 


Item of Operating Expenses 

Steam 1913 

Electric 1914 

Decrease 1914 

Per cent 





decrease 

Fuel and power. 

$315,235.74 

164,508.70 

150,727.04 

47 81 

Repairs. 

124,787.90 

92,278.08 

32,509.82 

26.05 

Enginemen’s wages. 

104,461.18 

71,225.88 

33,335.30 

31.81 

Enginehouse exp.. 

29,907.80 

18,638.38 

11,269.42 

37.68 

Water. 

4,953.66 

1,193.70 

3,759.96 

75.90 

Lubricants. 

9,751.44 

4,942.32 

4,809.12 

49.30 

Other supplies. 

5,823.52 

4,552.36 

1,271.16 

21.83 
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MANCE. 

$594,921.24 

$357,339.42 

237,581.82 

39.93 

Trainmen's wages. 

147,632.30 

116,486.00 

31,146.30 

21.10 

Grand Total. 

742,553.54 

473,825.42 

268,728.12 

36.19 

Ton-miles hauled. 

158,917,720 

172,S55,856 

* 

13,93S,136* 

8.77* 


^Increase 


The total cost of the electrification, including a change of 
signal system on Smelter Hill, the extra motor-generator set 
recently installed at Anaconda, interest during construction 
and all incidentals due in any way to the electrification, was 
in round numbers $1,201,000. This does not include the step- 
down transformers, which-are the property of the power com¬ 
pany, but on the other hand no deduction has been made for 
the salvage due to the elimination of 20 steam locomotives. 

If a correction be made for the item of depreciation in Table VI, 
charging the regular monthly amount of $2711.13 begun in 
March for each of the six months, making the total of this item 
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for the period $16,266.78 instead of $8,471.84 as it stands on 
the performance sheets, the total saving per year from loco¬ 
motive performance would be reduced to $221,991.94, making 
the total net saving $242,299.12, which is equivalent to 20.02 
per cent on the entire cost of the electrification, to say nothing 
of the increased capacity of the lines, the improvement in the 
service and more regular working hours for the crews, as is in¬ 
dicated in Table V, comparing the delays to traffic, and Tables 
I and II, showing the decrease in overtime. 

From Table VII it will be seen that if taken on the basis of the 
increase shown in net operating revenue, or operating income, 
this percentage is slightly greater, the rate of increase per year 
for these items being $288,150.80 and $282,016.96, respectively. 

The estimate on which the decision to proceed with the 
electrification of the road was made, placed the annual net saving 
expected at 17.5 per cent of the cost, so that the results financially 
have been quite as satisfactory as the general performance of 
the equipment. 
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Discussion on “ Electrification of the Butte, Anaconda 
and Pacific Railway” (Cox), Spokane, Wash., Sep¬ 
tember 10,1914. 

Paul Lebenbaum: This paper looms up as an oasis of facts 
in a desert of glittering generalities, and records a distinct step 
forward, and upward in heavy railway electrification. It is 
unique in that it sets forth, not only facts, but actual figures 
on operating, results, for a road that made the change from 
steam to electricity solely in order to obtain increased capacity 
and greater economy in operation. Most, if not all, of the heavy 
electrification has been done for the purpose of overcoming an 
operating condition for which steam was unsuited, such as the 
New York terminal electrifications, the work of the Great North¬ 
ern at the Cascade Tunnel, etc. It must therefore be peculiarly 
gratifying to the management and its engineers that the econo¬ 
mies resulting from the change were so quickly and positively 
established. 

It would, no doubt, take some time to properly correlate and 
digest the many figures that Mr. Cox has presented; what 
little I have to contribute to the discussion will therefore be 
in the nature of a comparison with some of the results obtained 
on the Portland, Eugene & Eastern Railway, operating at 1500 
volts over some 105 miles of single-track road, exclusive of sid¬ 
ings. All passenger movements are electric, freight being still 
handled by steam, the speeds in passenger service exceeding 
50 miles per hour. 

It appears that 90 per cent of the B. A. & P. train mileage is 
made in freight service at the comparatively low speed of 16' 
to 17 miles per hour, while all of our passenger service is at 
much higher speeds. Both roads use the US-122-E. type of 
pantograph, having a five-inch diameter roller, as a current 
collector, the B. A. & P.’s problem being to pick up large currents 
at low speeds and the P. E. & E.’s smaller currents at high speeds. 

We make approximately 45,000 train miles, or 120,000 motor 
car miles, per month. Each motor car uses its pantograph, 
there being no power bus on our equipments. I was therefore 
interested in Mr. Cox’s statement as to the average life of collectors ,s 
being 10,000 to 12,000 miles. We have also found it necessary 
to equip our collectors with a roller type of bearing, discarding 
the graphite bushings originally furnished. Since that time 
we have made well over 20,000 miles each on enough collectors to 
convince us that 50,000 miles should be the average collector life 
under our conditions, where each motor car takes from 100 to 
150 amperes. It no doubt is reasonable to assume that the 
smaller mileage made by the B. A. & P. rollers is in part due to 
the heavier currents they must collect; although the lower 
speeds made by 90 per cent of their rollers should, to my mind, 
somewhat offset this latter condition. 

The whole subject of current collection, in small or large 
quantities at high or low speeds respectively, presents a very 
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problem, the solution for which, at least in this 
i t i< v { ;< 4 -7 s yet to be found. 

1 "that equipment trouble on the 2400-volt locomotives 

1 ;i lN ^tigibh. We have also had practical freedom from 
d;rubles; in one or two instances arcs from the circuit 
'•‘"tit i" -tLa-ve jumped to ground, due entirely to the method 

t : K a hire gases engendered by the breaking of the current. 

whether the B. A. & P. has had any similar ex- 
C, p° s in the breaking of high-voltage arcs. 

■ . * -Kadhler: I note that a comparison has been made 

" 4 -the electric and steam operation costs of the Butte, 

■ a & Pacific Railroad, and that a 20 per cent earning 

,, lT " 1 -' v -estment for electrification is shown, based on the first 
1- * * * recor( i s °f operating expenses. I would hardly 

\ t ’" 1 at a comparison based on six months’records would 
- j | - Oo - r rect idea of the relative costs of electric and steam 
" t .' 1 10 3"i of this railroad. For instance, take the item of 
l< ’tvi'v'e repair costs, which are usually divided into two 
,! tight running repairs and shop or heavy repairs. Six 
‘ 1 x ser-vice with electric locomotives would give very little, 
j t'hirxg, on the shop or heavy locomotive repairs, and 
" *< i vi.erxtly I would judge that the electric locomotive repair 
use for the first six months would necessarily be consider- 
h'ss than will be the case after the locomotives have been 
' '1 H ‘nation several years and sent through the shops once or 
!l ' * - f have noticed that the repair costs of steam locomo- 
’ ’ awm ally start out at a very low figure per locomotive-mile, 

' i" n. elm ally increase, as the locomotive gets older, until the 
j >or* locomotive-mile will quite often reach several times 
> » 'Ost when the locomotive first began operating. Conse- 

'• 'ii ly X would hardly think it proper or fair to the steam 
’five operation to compare the first six months’ expenses 
■} s t, * new electric locomotive operation against the cost of 

■ ■in If Lining a few old steam locomotives. 

’Hi*'* steam locomotives used in operating the Butte, Ana- 
ivS;x & IF* acidic were not very large when compared with the 
*< *»f the steam locomotives used on many other railroads, 

<! i 1. would be interesting to know what saving would have 
mi made by replacing the old steam locomotives of the B. 
»V F*. with new and larger steam locomotives, and also what 

■ • li 1 loo fhe saving by electric operation as compared with 

si operation, using large steam locomotives. 

| ; . .j- soxne time past I haA^e been of the opinion that the 
( s 4 ••si:, saving which would result from electric operation of 
,ti r% railroads would be from the reduction in the steam train 
•: t -< *, and the data given in Mr. Cox’s paper tend to confirm 
: * >f union, for by electric operation three crews are now haul- 
* l x.,; same tonnage as four crews did with steam locomotives, 
ndt iction of about 25 per cent in the train service. As the 
..,, crew expense on most roads is usually somewhat near 
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20 per cent of the total operating cost of the railroad, a reduc¬ 
tion of 25 per cent in this expense by electric operation would 
mean that the total expense of steam operation would be re¬ 
duced about 5 per cent on account of the reduction in train 
service alone. Additional saving would, of course, be made 
on account of the lower cost of locomotive repairs, less engine 
house expense, and other detailed costs which would result 
by electric operation. 

I note that electric locomotives with four axles, having a 
combined weight of 80 tons, are used on the B. A. & P. R. R., 
and that two of these four-axle units are rated as one locomotive 
of 160 tons. I judge that units of this weight were selected 
in order to allow one pantograph per unit for collecting current. 
However, it would appear to me better, in determining the weight 
of an electric locomotive, to work from the other end. In other 
words, to determine the maximum weight which your track 
would support, and make the axle loads of the electric loco¬ 
motive correspond to. this. For instance, the Union Pacific 
system allows a maximum weight on locomotive drivers of 
55,000 pounds, which would make a four-unit locomotive, 
similar to the B. A. & P. electric locomotives, weigh 110 tons 
on the drivers, a fairly large size locomotive. The Pennsylvania, 
I believe, allows as high as 65,000 pounds on each driver, which 
would make the total weight of a four-driving-axle locomotive 
equal to 130 tons on the drivers. This would be nearer my 
idea of a locomotive which would be best fitted for the freight 
service. This would also make the use of the tractor auxilary 
referred to, unnecessary. 

In conclusion, I . would say that while I do not consider the 
results as absolutely conclusive, the paper is very valuable in 
that it bears out many claims made as to the advantages and 
lower economy which would result from electrically operating 
steam railroads. Further, the fact that the B. A. & P. R. R. 
is simply a short line would not be an especially favorable con¬ 
dition for expenditures in electric traction work, and the favor¬ 
able showing which is evidenced by the data given in Mr. 
Cox's paper would probably be very much better if applied to 
an engine district of about 150 miles in length, and under such 
conditions I believe that the earnings which would be made 
on the investment for electrification work would in many cases 
exceed the 20 per cent which Mr. Cox claims as the earnings on the 
investment from the electric traction work of the Butte, Ana¬ 
conda & Pacific Railroad. 

J. C. Ralston: The author designates the engineman, the 
man who drives the locomotive, as a locomotive engineer, and 
again he speaks of him specifically as an engineer, I think. 
Now, 90 per cent of engineers are responsible for an incorrect 
use of that word. I feel this: that if the four premier engineer¬ 
ing societies, namely, the electrical, civil, mechanical, and min- 
ing, would all take up this question and use the proper word, 
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we would not be confused as we are by reading in the papers 
of the hoisting engineers’ society and the various societies in 
domestic lines. I hope that the engineers themselves will 
follow the correct terminology and then the public will later 
follow our lead. 

A. A. Miller: I ask Mr. Cox to give us a little more descrip¬ 
tion of those tractors; do they have cabs? 

W. K. Stacy: I wish to inquire regarding the life of the 
trolley wire when using the roller collector. I have had ex¬ 
perience with the sliding collector and under certain conditions 
the wear on the trolley wire was excessive. This was partic¬ 
ularly apparent with rigid hangers at the ends of line circuit 
breakers. What style of trolley wire suspension is used on 
the B., A. & P? 

Paul Lebenbaum: After the line had been in operation for 
about five months, the trolley wire was carefully calipered to 
determine whether there had been any w v ear, especially at what 
might be called hard spots in the line. No measurement taken 
showed a variation from the true diameter of the wire greater 
than the 2 per cent variation allowed the manufacturer under 
our specifications. 

J. B. Cox: Referring to the remarks relative to the steel 
rollers used for the collection of current on the pantographs, 
these collect 600 amperes at from 16 to 20 mi. per hr. quite 
satisfactorily. It would be rather difficult to compare the life 
of the rollers used on the Butte, Anaconda & Pacific locomotives 
with similar rollers on ordinary interurban cars where they are 
required to collect a much smaller current and at somewhat 
higher speeds. The heavier currents required in the operation 
of the locomotives would undoubtedly account for the much 
shorter life in this case. The 10,000 to 12,000 miles being ob¬ 
tained from the rollers on the locomotives is equally as great as 
was expected of them when it was decided to install this type 
of collector. 

As compared with the slider type of collector, the roller is 
considerably heavier and somewhat more complicated, but on 
account of its longer life and less wear on the trolley wire in the 
heavier class of service it has been considered more desirable 
for the collection of heavy currents. It is generally admitted 
that the slider is more simple and if it^can be perfected so as 
to collect an equal amount of current with even half the life in 
mileage obtained from the roller and with equal wear on the 
trolley it will usually be preferable and would no doubt prove 
more economical both as regards first cost and maintenance. 
Considerable progress is being made in the development .of a 
sliding pantograph in the above respects and I am of the opinion 
that their use will become more general. I have recently seen 
up to 3000 amperes collected without sparking by a single 
pantograph with a double sliding collector. This was on the 
occasion of test running, which gave most promising indications 
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fty bcal success, but actual service under general operating 

WlU 5 e necessary to perfect these sliders in every 
detail Personally, I have no doubt but that either type of 

an/praltiS ^d?W° 

tWit+Jfi ° f H r n f men employed in the maintenance of 

retafned Systei V ha ye S lven the exact number regularly 

P ay rolls A th e company. The amount stated 
being the cost of maintenance of the distributing system was 

which thf rat + e - ° f the , morLthl 7 charges for the six months for 

Sfl th + e h° Perating . C0S S ? re glven and cover a11 items charge- 
and worftr, . accotin t> which are principally for material, labor 
matX tfS nn service. These costs are at the rate of approxi- 
mately $125.00 per mile per year and are about what is expected 
to be the average cost for at least the normal life of the wooden 

to fifte2^eaS. eXpeCted t0 aVerage “ this locality from twelve 

t0 t H wear 011 the trolle y ™re,this is so small 
to date that any statement as to actual measurements would 

“f ° f sma 1 Y alue ’. si ; nce the allowable variation in the diameter 
o the new wire might easily make such figures misleading unl ess 
careful measurements had been made and recorded before the 
e ectncal service was started. This wear will usually be notice- 
able first at hard spots in the line where there are pull-offs or 
rigid hangers. The construction of this line was designed with 
a special view to flexibility, so as to facilitate the operation of 
the roller collector as well as to reduce the wear on the trolley 
and undoubtedly it is the most flexible construction of the kind 
m this country at the present time. 

Relative to the suggestion that the first six months of elec¬ 
trical operation is too short a time on which to base definite 
comparisons, I have not stated that such is to be done, but I 
ave given actual figures from official records accompanied by 
an explanation of the principal conditions under which the 
results were obtained. 

„ ' a | t t 1X . montlls ’ f ull steam operation has been compared 

with the first six months full electrical operation and it just so 
happens that the changing-over period lasted six months, making 
the comparison for the same months of consecutive years 
1 he systems of accounts were kept identical so that results would 
be directly comparable; the same men have taken care of the 
maintenance and done the operating in each case and very much 
m the regular way, making only such changes as were naturally 
suggested from the use of the new motive power, and the entire 
change has been made so gradually that I doubt very much 
^ y ere ^ as heretofore been such favorable opportunity for 
o taming operating costs where so direct a comparison between 
steam and electric locomotives could be made. 

In the first place the conditions for segregating the costs have 

+w° m ^ 6n - S ° favora y e > and secondly, operating companies 
that would give out such full information have been exceptio nal 
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Precisely the same conditions might not be met on another 
road, hence exactly similar results would not be expected. The 
extent of the usefulness of these figures in forecasting results 
of proposed electrifications depends upon our ability to properly 
adjust them to apply to any other particular case. It has been 
suggested that the cost of repairs to the electric locomotive 
for the period considered is less than it will be in the future and 
that for this reason the comparison of these items might not 
be representative, it being unfair to compare-the cost of repairs 
of new electric locomotives with that of steam locomotives which 
have been in service a number of years. While this is not an 
unnatural inference, in practise I have not usually found it to 
be true and in this particular instance I feel confident that the 
cost of maintenance of the electric locomotives given in Table VI, 
which includes the charge for depreciation, will be less in the 
future than it has averaged for the six months in question. 
The reasons on which this expectation is based are, first: that 
of the total cost per locomotive mile, amounting to 7.47 cents, 
2.46 cents is for depreciation, leaving 5.01 cents as the cost per 
mile for actual repairs as the term is generally applied. This 
is fairly high under ordinary conditions but not unreasonably 
so here under the special circumstances, as it included the cost 
of considerable experimenting with pantograph rollers and 
minor improvements to the equipment in adapting them to 
the special conditions required by the service; so that on the 
whole about as much work has been done on the locomotives 
during these six months as will be averaged at any time in the 
' future and the decrease in the rate of depreciation on the basis 
that it is being determined will more than take care of any prob¬ 
able increase in actual repairs. 

Secondly, the old steam organization was retained as far as 
required for the maintenance of the electrical equipment. It 
would be unreasonable to expect that they will not improve in 
* efficiency as they become more familiar with the new equipments, 
and the shop facilities will be gradually improved also, resulting 
in reducing the cost of repairs on the electric locomotives. 

Taking all these circumstances, with which I am familiar, 
into consideration, I shall be very much disappointed if the 
cost of maintenance of the electric locomotives per mile operated 
does not show a gradual decrease during the next few years. 
I have had considerable experience in connection with the initial 
operation of electric locomotives and their maintenance during 
the first two or three years in service, and this experience has 
led me to the conclusion that the cost of maintenance of an 
entirely new type of equipment in the hands of an old steam 
organization will usually be equally as high the first year as 
the average cost for a number of years after. This is partic¬ 
ularly the case where dual equipment is operated and where 
the costs of minor developments and adaptations are taken care 
of and charged to the maintenance department. .Whenutiliz- 



1400 


RAILWAY OPERATION 


[Sept. 10 


ing the old organization under such conditions, it is a mistake 
not to begin a regular system of general inspection and repairs 
at the very beginning so as to get the men as familar with, the 
new apparatus as possible, so that when these repairs are ac¬ 
tually necessary they will not only have a definite idea of the 
work ahead of them but will also be provided with the necessary 
tools so that they can do the work with the same efficiency as 
in the case of the steam locomotives. On the whole I have 
found it more easy to break in old steam organizations to 
operate and take care of electric locomotives than to adapt 
electrical men to the work who had not had previous steam 
railway experience. 

It might be of interest to state here that at the end of a year’s 
service a general shop inspection and overhaul of the electrical 
locomotive was begun with this object in view. The trucks 
were taken out from under the cab, the motors taken off, the 
armatures taken out and every thing gone over as thoroughly 
as possible, including the turning of tires and rebabbitting of 
armature bearings. 

This was done corresponding to similar annual general over¬ 
haul of a steam locomotive. The electric locomotive was in 
the shop one week, whereas four weeks were required on an 
average for the steam locomotives for a similar overhaul, and 
the costs in each case were about proportional to the time the loco¬ 
motives were in the. shops; that is, the electric locomotive cost 
was about one-quarter that of its steam predecessor. The 
tires on the drivers of the electric locomotive will average some¬ 
what more than double the mileage between turnings obtained 
from those under the steam locomotive. 

The many sharp curves on the entire system result in rapid 
wear of the flanges. 

While I have had little actual experience in connection with 
the maintenance of new steam locomotives, I have often had 
occasion to investigate the costs of repairs to steam locomotives. 
My impression is that on the first installation of a new type of 
steam locomotive on any road the adaptation and develop¬ 
ment charges during the first year are apt to mske up for 
the. smaller number of general repairs that are required 
during the first year, much the same as in the case of the elec¬ 
tric locomotives. As an instance I will cite the case of a number 
of large Mallet engines, the cost of repairs for which w^as 20.46 
cents per mile for the first six months, whereas the average cost 
during the first four years of their service, was 23.34 cents. 
The cost for the second year w^as greatest while that for the 
third year was least. I do not believe this is exceptional. 
In the case of electric locomotives I have in mind a record in 
which the cost of repairs the first year was 6.7 cents per loco¬ 
motive mile and for the fifth year 4.1 cent, the average for the 
five years being 4.85 cents; and another where the cost for the 
first six months was 5.45 cents per mile and the average cost 
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for the fourth year was 4.98 cents. Both these instances were 
steam road electrifications with new’ 600-volt equipment. As 
a matter of fact most of the records I have seen are of a similar 
nature, and it is these facts coupled with actual experience 
that are responsible for my opinion on the subject. 

It would be only natural to expect that the cost of mainten¬ 
ance on steam locomotives, during the last six months they were 
expected to be used, before being replaced by electric locomotives, 
would be somewhat neglected, and hence the costs per loco¬ 
motive mile would be less than the average. However, I in¬ 
vestigated the records over a considerable period of steam 
operation and found no very great variation on account of this, 
but that the figures for the six months quoted were fairly 
representative. 

In this connection it may be stated that the Butte, Anaconda 
& Pacific Railway has always kept its locomotives in an un¬ 
usually good state of repair and that the prices paid for all 
classes of labor are perhaps higher than is paid anywhere else 
in this country. The fact that the cost of labor is high is not 
altogether favorable to the electrification, inasmuch as it greatly 
increased the first cost, but insofar as the operation of trans¬ 
portation and maintenance of locomotives is concerned, it is 
more favorable, since the number of employees is generally 
reduced to some extent and the overtime is apt to be consider¬ 
ably less. 

Referring to the suggestion that the electric locomotive units 
should have been larger, this subject was very carefully con¬ 
sidered before the design of the locomotive was begun and 
after an investigation of all the conditions and the general re¬ 
quirements of the work it was agreed that a unit approximating 
80 tons on the drivers would give best general results and that 
no advantage offered by a heavier unit for any part of the service 
would offset the disadvantages of a mixed type of equipment. 
Electric units weighing 100 tons are quite common, and the 
three-phase electric units which have now been in operation on 
the Great Northern Railway for five years weigh 115 tons each, 
all of which is on four axles, so that ordinarily there should be 
no difficulty in providing as heavy a unit as conditions might 
require. In the case of a mountain division on a transcon¬ 
tinental line it is usually desirable to use as heavy units as the 
draft gear of the rolling stock will permit. In the case of the 
B., A. & P. Railway the conditions were not considered generally 
favorable for the use of larger units. Longer trains than could 
be handled by a double 80-ton unit locomotive would have re¬ 
quired the lengthening of yards, sidings and passing tracks. 
Heavier units in this case would also have increased the peak 
loads on the substations and lowered the load factor. The 
draft gear on the ore cars and many other local conditions had 
to be considered in this connection, the general result of which 
led to the adoption of the present unit. 
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Referring to the burning out of contactors, due to dust or 
ii regularity in following the proper sequence of operation, there 
have been no instances of serious trouble with contactors, from 
any causes, so far as I am aware. There have been instances 
of flashing over of insulators at the back of the contactors, which 
was thought to have been due to the accumulation of dust 
from the ore, which contains some copper. There is, naturally, 
a great deal of such dust, and the blowers located in the cabs 
of the locomotive cause more of it to be drawn over the appara¬ 
tus than would be done otherwise. "We had really expected 
much more trouble from this source than actually occurred. 
These arc-overs, did not result in any serious damage. It was 
only on inspection that it was found the insulators had arced 
over, as'apparently the arcing had occurred when the contactors 
were opening the circuit so that the current was shut off before 
the arc did any thing more than burn off the dust, after which 
there was no further bother. 

In one or two instances where the main trolley contactors 
were involved, the main fuse was blown, but as far as I am aware 
no contactors have, been damaged so as to cause any delay or 
to require immediate, attention. In this particular control 

. 1? f series and parallel connec¬ 

tions, .where troubles from improper sequence of coming in and 
out of contactors are most likely to occur, the contactors in- 
\ olved in the transfer are operated by means of a cam which 
insures a proper and uniform sequence and no troubles what¬ 
ever have been experienced from this source. 

During the first ten months of operation no contact tips had 
been changed on any of the contactors nor had any repairs to 
same been necessary. On the whole the contactors on the 
locomotives show less signs of arcing or burning than on an 
ordinary 600-volt locomotive in a similar service, 
k The. commutators of the main motors are in such splendid 
condition that during the visit of some German engineers to 

j • iii * . ^ o.ut six months after the locomo- 

'iyes had been m operation, it was difficult to convince them 
that the commutators had not recently been turned. 

term . engineers’’ as used when referring to 
the drivers of the. electric locomotives, it is in accord with 
steam, load piactis.e, as has been the intention all through, 
bteam operators will be equally interested with the electrical 
man in the results and the terms used and comparisons™ 
throughout are meant to be equally clear to botln 

Table. VI is made up to conform to the usual steam railway 
locomotive performance sheets and practically the same form 
was retained- for the electric locomotives in order that the com¬ 
parisons relative to the performance of each might be as direct 
as possible. 

The passenger locomotive miles and the passenger train miles 
on the Butte, Anaconda & Pacific Railway are the same, as 
only a single unit is used to haul.the passenger trains. 
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Referring to Table VI, it will be seen that the electric loco¬ 
motive miles made in passenger service for the six months con¬ 
sidered were 43,170, which is approximately 12.5 per cent of 
the total miles operated by all electric locomotives for the period. 

The tractor trucks which are to be supplied with the new 
locomotives on order for the spotting and switching service 
will be arranged for coupling onto a standard locomotive unit 
much as an extra motor car is added to a multiple unit train, 
except that the electrical connections between the unit and the 
truck will be such as to connect the motors mounted on the 
latter in series with those on the former, instead of m multiple 
as in the case of the extra car in a multiple unit train. _ 

In other words, it will form a three-truck locomotive with 
six motors, arranged for all six to be operated in series on the 
usual series points of the controller and with a series-multiple 
connection consisting of two circuits of three motors each on 
the usual parallel points. 

This plan was considered preferable to adopting a special 
three-truck locomotive since when the extra truck is detached 
the unit is interchangeable with all others, or any of the exist¬ 
ing units can be arranged for operation with the extra truck 
by the provision for the necessary electrical connectors. 
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APPLICATION OF ELECTRIC MOTORS TO GOLD 

DREDGES 


BY GIRARD B. ROSENBLATT 


Abstract of Paper 

Electric power has been applied almost, universally to the 
operation of gold dredges of late, owing to its convenience and 
to the fact that hydroelectric power is available at very reason¬ 
able rates throughout the western states where gold dredging 
is carried on. There are a number of different motor applica¬ 
tions on the elevator type of gold dredge, which is the type most 
generally used, and the author considers very fully the re¬ 
quirements of the various drives and the characteristics of the 
motors suited to the various operations of these dredges. Al¬ 
ternating-current motors are generally used for these purposes 
and the type of control, which is of special importance, is con¬ 
sidered. The paper also gives some figures on the cost of opera¬ 
tion of dredges of different capacities. 

A GOLD dredge is a piece of machinery designed to dig gold- 
bearing gravel, sand, or clay, and to treat the material 
so dug in such a way as to recover the gold contents. It, accord¬ 
ingly, consists essentially of two parts; one the digging part and 
the other the gold-saving part. 

From the point of view' of the application of electric power 
the digging end is of particular interest as the mechanical re¬ 
quirements are severe and the speed control must be excep¬ 
tionally good. The gold-saving end does not differ very ma¬ 
terially as to motor applications from those of the usual metal 
mining mills, except possibly that the equipment is exposed to a 
little more abuse and that compact methods of drive are neces¬ 
sitated. 

Electric power has . been applied quite universally of late to 
the driving of gold dredges owing to its convenience and economy. 
Of the $88,400,000.00 worth of gold produced last year in the 
United States, nearly a fifth came from gold dredges, and in view 
of the fact that gold is being mined by means of dredges in prac¬ 
tically all of the Western States, in most of which localities hydro¬ 
electric central station power is available, a few remarks regard¬ 
ing the essential characteristics of successful motor drive may be 
of interest. 
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• In designing electrical apparatus and applying it to gold 
dredging, the electrical engineer is often too prone to approach 
the problem from the point of view that the dredge should be 
designed particularly to permit of the most favorable applica¬ 
tion of electrical apparatus. A successful gold dredge is pri¬ 
marily designed to make money. Electric drive is merely an 
incident in the process, so that, while it is unquestionably often 
advantageous to modify the ordinary dredge design so as better to 
accommodate it to the characteristics of the electric drive, never¬ 
theless the fact should not be lost sight of that the electric drive 
is simply an incident to effect economy and that other considera¬ 
tions are often of greater importance than the most advantageous 
installation of a particular type of motor in a particular manner. 

In considering how electric drive can help the dredge make 

money, the following factors enter into the total charge against 
the electric plant: 

1. Interest on investment; which is affected by the first 
cost of any particular arrangement.. 

2. Powei charges; which are affected by the efficiency of the 
motors and the system of control. 

3. Maintenance charges; which are affected by the type of 
apparatus chosen. 


4. Delay charges; which may be very seriously affected by 
proper or improper application. 

As stated above, the gold-saving end of a dredge does not 

offer any. particularly great problems in the application of 

electric drive. A motor is required to drive either a shaking or 

revolving screen which remove's the coarse rock from the finer 

gold-bearing sands and gravel. This motor may be either 

geared or belted to the screen. Gearing is preferable,on account 

of its saving in space, but belt drive is preferable as far as the 

motor is concerned, on account of the damping effect upon the 

vibration incident to the screening operations. Squirrel-cage 

motors are generally used for this purpose and are entirely 

successful, but some designers advocate motors with phase- 

wound secondaries in order to reduce the strain at starting 

The writer is inclined to favor the squirrel-cage motor on 

account of its freedom from details which may increase the 
maintenance charge. i 

All of the gravel and sand which passes through the screen 
must be washed in order to obtain the gold out of it, and for this 
purpose a very considerable volume of water must be pumped 
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on the bridge. Centrifugal pumps are usually used on account 
of the low head and large volume to be handled, and these are 
best driven by direct-connected squirrel cage motors. Apart 
from those features which tend to reduce the maintenance 
charge, such as adequate insulation, adequate air gap, and ade¬ 
quate bearings, the efficiency of these pump motors deserves 
consideration, as the amount of the total power used by the 
dredge used for pumping is very considerable, usually as high 
as 40 per cent, and sometimes higher. 

The tailings, or refus;e matter that is sorted out by the screen, 
must be removed to some distance from, the hull of the dredge 
so that it will not pile up under the hull and strand the dredge. 
Two methods of taking care of this matter are in use. One, 
the less common, is to pass the waste down a chute, helping its 
progress with a stream of water. The other and by far the more 
common method is to employ a belt conveyer running out of the 
back end of the dredge for a distance of 90 ft. (27.4 m.) or more, 
which conveyer is commonly referred to in dredge practise as a 
“ stacker This stacker is motor-driven. The application 
is reasonably severe owing to the fact that the motor is usually 
at the far end of the stacker and, therefore, often exposed to the 
weather, and also due to the fact that when the stacker has been 
at rest, considerable torque is required to start it loaded. In 
cold climates, a stacker when at rest is often apt to freeze, due 
to 1 the moisture contained in the waste being carried by it. 
Starting under these conditions is particularly arduous and in 
some places this trouble is overcome by putting the stacker in a 
continuous canvas tent like a tunnel and passing steam pipes 
from a little low-pressure heating boiler up inside this tent. This 
again makes life hard for the motor because moisture vaporized 
by the heat of the steam pipes rises to the far end of the stacker 
where the motor is located, and there often condenses on the 
motor whenever that machine is shut down and allowed to cool. 
Accordingly, a motor for stacker service should primarily be 
designed with adequate insulation to resist continued moisture, 
and in some cases drip guards have advantageously been placed 
over the ventilating openings in the motor. Squirrel cage motors 
with heavy torque characteristics have been used successfully 
for stacker drive, but the general tendency is to use motors with 
phase-wound rotors in order to obtain a good starting torque. 
Here again is the question whether complications of a phase- 
wound motor are justifiable, and in the writer’s opinion it is 
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probably preferable to use a squirrel cage motor designed for 
good torque characteristics, with possibly a trifle more resistance 
in the secondary circuit than is found in standard squirrel cage 
induction motors. A stacker motor is comparatively small as 
compared with the total motor installation on the dredge, and a 
slight loss in efficiency on such a small unit is more than offset 
by a saving in maintenance. 

The application of electric power to that portion of the mech¬ 
anism used for digging is a much greater problem than any¬ 
thing met with in connection with the other applications on the 
dredge. * 

There are three distinct types of gold dredges using entirely 
different digging mechanisms: (a) dipper dredges, (b) suction 
dredges, and (c) elevator dredges. 

(a) The dipper dredge uses a boom and scoop almost exactly 
like a steam shovel. It is now practically obsolete in the gold 
dredging industry because of its poor power economy and because 
the dipper is actually digging dirt during a very small portion 
of the time that it is in operation. In other words, too much time 
is lost in lifting the loaded dipper, dumping it, and returning it 
to the digging position. 

(b) The suction dredge is very similar to the ordinary dredges 
used in harbor and waterways excavations. Its digging end 
consists essentially of a large centrifugal pump suitable for hand¬ 
ling semi-solid material, and is driven by a direct-connected 
vary’.ng-speed induction motor. The suction dredge is applica¬ 
ble for gold mining only in those few localities where water is 
very abundant and where the gold is found in loose sand. Its ap¬ 
plication to the gold mining industry is so limited that its de¬ 
tails will not be discussed in this paper. It has the particular 
advantage, however, that its operation is continuous. 

(c) The elevator dredge is the most commonly used for gold 
mining. It is essentially a continuously operating dipper dredge, 
combining all of the advantages of the steam shovel with the con¬ 
tinuity of the suction dredge. A chain of scoops, or “ buckets ” 
as they are called, runs over a boom or “ladder,” as it is commonly 
termed. This boom or ladder is swung from a gallows frame or 
derrick, and by properly manipulating the cables that control 
it, the boom is held up against the bank to be dug, and the bucket 
chain driven by a motor, so that each bucket scoops up its fill 
‘of earth as it comes round the end of the boom and carries its 
load without interruption to the mouth of the screen described 
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above Fig. 1 shows the essential parts of an elevator gold 
dredge as described above. The illustrations on Plate CXIV 
show some typical elevator dredges and show ver} r clearly the 
boom, the bucket chain, and the gallows frame from which it is 

suspended. 

Power is required at the digging end primarily for driving 
the bucket chain, but some power is also required for lifting and 
lowering the ladder and for operating the devices that pull or 
hold the dredge up against the bank so that the buckets will 
bite into their work. Ordinary winches similar to those often 
used on sea-going vessels are used for these purposes. The duty 
of the motors is entirely akin to ordinary hoisting service and of 
very intermittent nature. An intermittent rated w^ound-rotor 
motor with high torque characteristics is successfully used. 



The drive of the bucket chain is the real problem on the dredge 
and no system that has ever yet been devised has proved it¬ 
self entirely free from all objections. For one thing, power re¬ 
quirements are at times very excessive and vary through a wide 
range. Accurate speed control is also essential. Good economy 
is of importance on account of the comparative size of the digging 
motor compared with the rest of the installation (in this con¬ 
nection it might be stated that the digging notor is usually irom 
35 per cent to 45 per cent of the total motor capacity on the 
dredge). Greatest of all is the problem of adequate and success¬ 
ful mechanical connection between the motor itself and the 

bucket chain. 

The power requirements for driving the bucket chain under 
ordinary conditions may be calculated reasonably closely when 
the size of buckets, the number of buckets handled per minute, 
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and the type of ground to be dug, are taken into consideration. 
1 he following table gives some fairly typical test results: 


Place 

Size of 
buckets 
cu. ft. 

Buckets per 
minute 

Motor 

rating 

h. p. 

Average 

B-P- input 

Oroville ..... 

K 


75 


Marysville .... 

7 

lo 

on 

(5 

Marysville .... 

7* 

9 

14 

i hi 

19 

1 Q 

150 

140 

Conrey. 

200 

155 

Natoma. 

lo 

Ol 

150 

185 

Folsom. 

Z1 

OA 

400 

285 

Boston & Idaho .. 
Conrey. 

AO $ 

15 

17 

ZD 

22* 

• 

300 

300 

202 

285 (?) 


550 

460 

IN. hi. All close-connected chains,—ordinary digging. -- 1 


However, should one of the buckets in a bucket chain en¬ 
counter a boulder of larger size than it can handle, the demand 
on the motor is immediately increased and may even cause the 
motor to pull out if no protective devices are provided. Also 
l the buckets run into particularly sticky clay in the course of 

® ir 1 ££ m g'i the load on the motor may be very much increased 
and as such a condition is seldom momentary, the continuity of 

. e overl ° ad m ay burn out the motor unless the speed of digging 
is i educed. 

In addition to these requirements, during digging the motor 
drive must also be capable of revolving the bucket chain slowly 
at no load for the purpose of repairing the buckets, inspecting 
the chain, and similar work required for the purpose of me- 
cnanical maintenance. 

The bucket chain is driven through a hexagonal spindle at the 

° P ° f ^ addCr ’ ° VCr Which Spindle the bu ckets pass. Each one 
of the flat sides of this spindle or “ tumbler ” as it is termed 

engages with a corresponding flat side on the under side of the 

ucket, and the drive is accordingly a positive drive just 1 ke any 

chain drive would be. If the tumbler turns, the bucket chain 

has got to move or break. It cannot slip. An adequate and 

successful method of transmitting power from the driving motor 

to the tumbler has been the source of considerable study by 

redge designers the world over. The tumbler shaft usually 

carries wo pinions, one on each side, which engage with two 

gear wheels carried on a common shaft. This shaft is connected 

rough an adjustable slipping friction to another drive shaft 

y means of gearing, and the motor drives the last-named shaft. 

. may . be either belted or geared to this shaft. Belting the 
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Dredge with 17-cu. ft. Buckets. 

Chain is “close-connected”, i.e. each link of the chain is a bucket. 500-h._p. digging motor 
and liquid rheostat control; cooling system for electrolyte is visible, dipping into pond at 
side of dredge. 


Dredge with 12-cu. ft. Buckets. 


[ROSENBLATT] 


This shows clearly the ladder and the bucket chain. The chain is of the type known as 
“open-connected”, in that there is a link without a bucket between each two buckets. 




[ROSENBLATT] 

Typical Squirrel-Cage Motor, with Splash-Proof Covers, for 
Stacker Drive. 
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motor is of course the easier on the electrical apparatus, but on 
the other hand has certain disadvantages. A very large and 
expensive belt is required on account of the tremendous torques 
involved. There are sometimes difficulties due to maintenance, 
because of the moisture that is often present on board a dredge. 
The belt sometimes slips just when maximum torque is wanted. 
Occasionally, under the heavy stress due to the slipping friction 
having rusted, a belt will break. Also a belt transmission for 
the transmission of the torques involved takes up considerable 
space, and space on a dredge is valuable. 

On the other hand, gearing, while economical in space and 
entirely positive in action, has the disadvantage that it imposes 
very severe service on the electrical equipment, in that every 
strain and every vibration from the bucket chain finds its way 
back to the revolving part of the motor. Flexible couplings 
have been tried between the motor and the driving gear but with¬ 
out success. The large variations in torque met with, sooner or 
later ruin any type of flexible coupling that has as yet been tried. 
The gear drive has, however, proved entirely successful where a 
motor has been secured that will adequately withstand the 
stresses. Of the two methods, belt vs. gear drive, each has its 
ardent devotees. 

From a consideration of the above, it will be seen that the 
motor required for digging service on an elevator dredge must 
have the following characteristics: 

(a) It must be varying-speed machine; and if in addition it 
can be made an adjustable-speed machine this would be a con¬ 
siderable advantage. 

(b) It must be capable of being revolved at light loads and 
very low speeds. 

(c) It must be capable of developing a maximum torque, at 
any speed from zero to approximately full load speed, of several 
times its normal rated torque. 

(d) It must be capable of carrying for prolonged periods 
of hard digging a torqu'e overload of approximately 25 per cent 
at a speed reduction of probably 25 per cent. 

(e) It muist be of substantial mechanical construction, par¬ 
ticularly as to shaft and bearings, in order to resist a very heavy 
belt pull when belt drive is used, or repeated shocks of severe 
gear thrusts when gear drive is used. 

(f) It must be reasonably efficient. 

In order to obtain all of the abo've characteristics, it has often 
been suggested that a direct-current motor of the type used in 
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steel mills, with possibly variable-voltage speed control, might 
prove advantageous for digging service on big gold dredges. 
However, every investigation that has been made (to the writer’s 
knowledge) of this matter has developed the fact that the losses in 
efficiency due to the conversion from alternating current to direct 
current practically offset the advantages gained by more flexible 
control undei the ordinary cycle of operation, and further, the 
first cost of suph an installation is prohibitive, considering the 
ordinary life of a dredging venture. In this connection it might 
be stated that while there are exceptions, the average dredge is 
about worn out at the end of ten years, and will then require 
either complete rebuilding and remodeling or will operate with 
so many shut-downs due to breakages and the like that re¬ 
building 01 scrapping will prove most economical. Accordingly 
any installation more expensive than ordinary must show a 
saving that will repay the extraordinary expense in 10 years. 

and this no combination of direct-current equipment has as yet 
been able to show. 

Accordingly the only type of motor left available is the moderate- 
speed wound-rotor induction type, and for the most successful 

application the motor should be designed with special reference 
to the work it has to do. 

From expeiience with the troubles of a dozen dredges, large 
and small, the writer would recommend specifications embody¬ 
ing the following: 

(1) The motor should be capable of carrying its rated load 
continuously with a rise not to exceed 40 deg. in any part. 

(2) The motor should be capable of developing a torque 
25 per cent in excess of its rated full load torque at a speed of 75 

per cent of its synchronous speed for a period of two hours with 
a rise not to exceed 55 deg. 

(3) The motor should have a maximum torque and a starting 
torque of not less than 2 1/2 times its full-load torque. 

(4) The shaft shall be of such material and dimensions that 
strains due to the developing of maximum torque shall not ap¬ 
preciably affect the dimensions of the air gap on any side of the 
motor. 

(5) The bearings shall be designed to resist an upward thrust, 
and shall preferably be of the design, known as rolling-mill bear- 
ings, furnished with stud bolts and lock nuts instead of the usual 
design employing cap screws. 

(6) The lubrication of the bearings shall be adequate. On 
motors of 200 h.p. and over, at least two oil rings per motor 
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bearing are recommended. On motors of 500 h.p. and over, 
the use of gravity feed lubrication should be considered. 

The problem of control of large motors used for digging service 
on gold dredges would be more simple if direct-current motors 
could economically be used. As, however, their use is imprac¬ 
tical, the control for a-c. motors that most nearly approaches 
direct-current control is desirable. The control must permit 
reversing the direction of the motor, principally to permit the 
bucket line being backed away from obstructions. For service 
during the repair of the bucket line, small variations in speed 
should be obtainable, particularly at partial loads. A control 
permitting continued running at low-speed points is particularly 
necessary. 

For small motors on little dredges, say employing a digging 
motor of 100 h.p. or less, the ordinary drum-type controller 
proves adequate. For larger installations. a combination of 
magnet switches controlled by a master controller has been used 
in a large number of installations, but for the larger motors the 
ideal control seems to be the liquid rheostat. 

Magnet-switch control has been used satisfactorily on a consid¬ 
erable number of dredges employing digging motors as large as 400 
h.p. The very large fleet of large dredges operated in California by 
the Natoma Consolidated mostly employ magnet-switch con¬ 
trol on dredges having digging motors of 300 h.p. and larger. 
It has, however, several distinct disadvantages for dredge ser¬ 
vice. The principal disadvantage is that only a limited num¬ 
ber of definite points is available with this type of control unless 
the number of magnet switches in the secondary circuit is made 
very large, which in turn makes the controller inordinately ex¬ 
pensive. Therefore, small variations in speed, particularly at 
light loads, are not available with this type of control, and in order 
to obtain slow’ movement of the bucket chain, it is customary 
to start the motor up and then plug it, with consequent strain on 
all mechanical parts, as well as wear on the control contacts. 
Further, this type of control does not allow the dredge operator 
to pick out any particular speed at wdiich he desires to run. He 
can only pick a particular point on the controller and the cor¬ 
responding motor speed will depend on the totque being exerted 
by the motor. 

Another disadvantage of this type of control is the tremendous 
amount of resistance required for a large motor, as the resistance 
must be sufficient in amount to permit very low motor speeds at 
light loads, and large enough in capacity to permit continuous 
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operation at reduced speeds with heavy torques. This makes a 
very bulky resistance and unless the resistance is. large enough 
there is considerable danger of the overheating of the grids 
starting a conflagration. 

The liquid rheostat for digging motor control has, on the other 
hand, none of the disadvantages of the magnetic switch control. 
There are no definite steps, and the speed of the motor may be 
varied by infinite gradations. The operator simply moves the 
rheostat handle until he obtains the speed he desires. In other 
words, he does not work for any particular point on the rheostat, 
but works simply with the idea of getting the speed he wants. 
For large motors, the liquid rheostat and its accessories take up 
much less room than would a corresponding magnetic switch 
control and its attendant resistance, and there is never any 
danger of the electrolyte used (water and common washing soda) 
causing a conflagration. 

However, the liquid rheostat for use on dredges must be modi¬ 
fied from the forms commonly used for hoist service and the like 
on land. The first liquid rheostat installed on dredge service 
was on one of the Natoma dredges with a 400-h.p. motor, and 
while it was operative, it was not entirely satisfactory, because 
certain essential details of design and application were overlooked. 
A very similar liquid rheostat on which these details have been 
given due attention is now being used on one of the dredges of 
the Conrey Placer Mining Co., and has been entirely successful 
and satisfactory in operation with a 550-h.p. digging motor, 
which I believe is the largest digging motor on any elevator type 
gold dredge in operation today anywhere. 

In order to keep down the size of the liquid rheostat for this 
work, it is practically necessary to provide some means of ar¬ 
tificial cooling for the electrolyte. Usually this is accomplished 
by circulating cooling water through coils in the rheostat 
tank. On the Natoma rheostat the mistake was made of pump¬ 
ing water from the pond in which the dredge floats, through these 
cooling coils. Due to the operation of the dredge this pond 
water is usually pretty muddy, and often carries a large per¬ 
centage of solids in the shape of silt. At Natoma this silt 
coated the inside of the cooling pipes, thus reducing their effective¬ 
ness and eventually clogging them up, necessitating a shut-down 
while they were blown out with compressed air. Shut-downs on 
a dredge cost money, because to realize the greatest return on 
the investment, the dredge must be digging all the time. There¬ 
fore this eature made the Natoma rheostat undesirable. At the 
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Conrey Placer Mining Company’s property, the cooling system 
consists of a series of pipe coils immersed in the pond, and the 
electrolyte is pumped from the rheostat tank through the coils 
and back again, instead of pumping pond water up to the tank 
and through coils installed therein. There has never been a 
shut-down on the Conrey dredge due to the rheostat or its 
cooling system. The motion of the dredge in the pond is suffi¬ 
cient to keep silt from settling on the cooling coils. 

Another point that was overlooked on the Natoma instal¬ 
lation was the fact that dredges swing, and often rock consider¬ 
ably. This causes the electrolyte to splash out of the rheostat. 
Usually such loss by splashing was replaced by pouring in ad¬ 
ditional water, but this of course changed the density of the elec¬ 
trolyte and caused the operators some trouble. On the Conrey 
rheostat baffle plates and enclosing covers were supplied, which 
effectually prevented any splash. 

Another trouble that was experienced at Natoma was that, 
due to deficiencies in the cooling system mentioned above, the 
electrolyte very often* attained a very high temperature during 
hard work, which caused excessive evaporation. Under certain 
conditions this evaporation w r as so great that the annoyance 
and expense of bringing the amount of fresh replacing water 
required on to the dredge and filling the rheostat was considerable. 
This trouble has been obviated at the Conrey installation by 
having an adequate cooling system. 

All in all, it may be said that for large digging motors of say 
350 h.p. and up, the liquid rheostat makes an ideal method of 
•control, provided the rheostat is of adequate mechanical con¬ 
struction for the service and is provided with a proper and suffi¬ 
cient cooling system. Both liquid rheostat and magnet switch 
•control may be arranged to give the same advantages as to 
protection against acceleration at too high a rate and against 
excessive overload due to sudden changes in speed. 

It will probably be gathered from the above remarks that the 
successful application of electrical apparatus to gold dredging 
operations depends on a multiplicity of details, each of which may 
be of comparatively minor importance in itself, and this is true. 
With the areas that are now still available for dredging, a multi¬ 
tude of small economies must be practised in order to make the 
process commercially successful. When it is considered that 
many dredges dig for about four to five cents per cu. yd. and that 
the gold contents of the ground often run as low as seven cents 
per cu. yd., it c&n readily b§ seen that a matter of one cent econ- 
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omy or waste may make or break the concern doing the dredging. 
Therefore maintenance deserves consideration. But most of all, 
freedom from shut-downs is of prime importance. The dredge 
cannot make any money while it is not digging; but, interest, not 
only on the money invested in the dredge, but on the money 
invested in the purchase price of the land that is being dredged, 
goes on just the same, and therefore shut-downs must be avoided 
at any reasonable cost, and this should be particularly borne in 
mind in the selection and application of the electrical apparatus 
and its control. 

A digging motor that may be of sufficient capacity, but cannot 
be adequately controlled, may break a bucket chain and put 
the dredge out of business for 24 hours. Ordinarily, dredge 
operators figure on operating 24 hours a day 365 days a year and 
a fair average is to expect the dredge to be actually performing 
its operations for 85 per cent of the total time. 

On account of the high load factor, and on account of the com¬ 
parative uniformity of a large percentage of the load, as well as 
on account of the comparatively large blocks in which the power is 
purchased, dredges make a particularly attractive load for hydro¬ 
electric central stations, and a few figures as to the power con¬ 
sumption of dredges may be of interest in this connection. 

Moderate-size dredges with buckets of about 5 to 7.5 cu. ft. 
capacity will handle from 60,000 to 100,000 yards per month, 
at a power consumption from 1| to If kw-hr. per cu. yd. 

Larger dredges with buckets up to 15 cu. ft. capacity will dig 
from 125,000 to 250,000 cu. yd. per month, and will take from 
1 to 1 1/2 kw-hr. per cu. yd. 

The very large dredge of the Conrey Placer Mining Co. 
mentioned above, which has buckets of 17 cu. ft. capacity (I 
believe the largest in the world) has handled 520 cu. yd. of ma¬ 
terial per running hour. Including delays, this means 325,000 
cu. yd. per month. Handling material (heavier than usual) 
weighing 3000 lb. per cu. yd., its power consumption was 1.28 
kw-hr. per cu. yd. 

The above figures are total power taken by the dredge for all 
purposes. The power taken by the digging motor is about 40 
per cent, on an all-day average, of the total power. From such 
test results as are ava'lable, the power for digging seems about 
proportional to the yardage dug, i. e., the kilowatt-hours are 
proportional to the yardage handled times the number of hours 
during which it was dug. 
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Discussion on “ Application of Electric Motors to Gold 
Dredges ” (Rosenblatt), Spokane, Wash., September 
11, 1914. 

Ford W. Harris: The problems so clearly defined by Mr. 
Rosenblatt are, in general, those that confront any engineer 
proposing to equip rough heavy-duty machinery with motors. 
As electrical engineers we are in duty bound to give electric 
power the benefit of every doubt when the expediency of a given 
installation is considered, but that the application of motors 
to dredges, shovels, and the like, is a hard problem must be 
understood at the outset. It is primarily a problem of apply¬ 
ing a constant speed, constant maximum torque motor, _ to a 
variable speed, variable torque load. More particularly it is the 
application of a constant torque driving means to a variable 
torque load. We have the problem of a widely variable load 
that must be economically handled regardless of the speed. 
The operator wishes to operate the major portion of the time 
at constant speed with a fairly uniform load. At times this load 
is enormously increased and at times he desires to greatly reduce 
the speed for repairs, etc. In general, as far as satisfactory op¬ 
eration is concerned, the enormous pulls occasionally needed 
may be and preferably should be exerted at alow speed, so that 
the actual power requirements may be fairly constant. 

Obviously what is needed is means for connecting the load 
and the motor in variable speed ratio, the problem being very 
similar to that solved by the change gears of an automobile. 
Obviously, also, no such mechanical means has been devised which 
will handle the very variable shocks and strains incident to 
transmitting 500 h.p. to such a load. 

The method by which Mr. Rosenblatt has solved the dredging 
problem is open to certain very obvious objections. Speed 
control by liquid rheostats involves at the outset large energy 
losses, the rheostat being primarily designed for such large losses. 
Motors having the mechanical and electrical characteristics 
outlined are expensive and heavy. It should be remembered 
that when a wound-rotor motor has its speed reduced by the in¬ 
sertion of external resistance there is no increase of torque but 
merely a decrease of speed. The power output of the motor 
is reduced with the speed. This is only a partial solution of the 
problem. 

I have personally figured many installations of large and 
small motors for hoists, shovels, and the like, and I believe that 
a serious mistake is made in applying a-c. motors to work of 
this kind. Particularly I think that the application of the 
a-c. motors of any kind to digging service on a dredge is poor 
engineering. Here you need a moderate torque at a high speed 
and a much larger torque at a correspondingly reduced speed. 
The larger companies have made many installations of a-c. 
motors for such service and made them stick, but it is sig¬ 
nificant that most large mine hoists are operated by d-c. motors, 
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through the Illgner system, and that our street cars still run 
largely with d-c. motors in spite of persistent efforts to enlarge 
the number of single-phase installations. It is further to be 
noted that the single-phase railway motor has series motor 
characteristics, and that few installations of induction-motor- 
driven railways have ever been seriously attempted in this 
country. If it is not feasible to operate a railway car, which 
is an approximately constant load at variable speed, with in¬ 
duction motors, how much more hopeless it is to operate a gold 
digger which requires large torques at times when the speed may 
be reduced to keep the power input fairly constant. 

To my mind there is no good way to drive such a load from a 
constant-torque motor. The load is one that requires series 
motor characteristics. If there were available single-phase 
series motors which could be bought at a reasonable price and 
maintained at a reasonable cost they might be used in this con¬ 
nection. . Barring such motors the proper system would be 
the application of a double or quadruple equipment of series 
d-c. motors in combination with a d-c. generator—a-c. motor 
set. 

With such a multiple motor drive and proper series-parallel 
control’it would be possible to operate on a variable torque 
basis and get fine results, the motors running four in multiple 
under normal conditions and being thrown in series for heavy 
pull-outs at low speeds. The power economy would be high and 
with proper cut-outs on each motor the reliability factor would 
be increased, as three motors could be used to operate in an 
emergency. While the first cost of the motor equipment would 
be high, the greater flexibility and reliability of the equipment 
would result in greater output at the dredge, which would soon 
wipe out the additional investment. 

Mo H. Gerry, Jr.: I am glad to say a word on this paper 
because there is much of interest in connection with such a 
machine as a gold dredge. This paper is a further demonstration 
of the great flexibility of electrical power and the wide diversity 
of its application. I disagree with the statement made by some 
one in the discussion, that there is any difficult principle in¬ 
volved in this application of electrical power. The problem is 
to ascertain in advance, the actual conditions of operation, and 
in this respect it does not differ from electrical traction or the 
thousand and one other applications of electrical power. Once 
these conditions are fully understood, the difficulties very largely 
disappear and are then only those quite commonly met with 
in solving mechanical and electrical engineering problems. 
However, it requires much study and time to analyze a problem 
of this kind, and it is here that the skill of the engineer is required. 

It has been my good fortune to have some connection, in an 
engineering way, with the dredges which form the subject of 
Mr. Rosenblatt’s paper. I was familiar" with the situation 
from the first, when the dredges then in operation were _ driven 
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by steam engines. These older dredges have all been rebuilt 
and are now operated by electrical power, but the dredge which 
forms the special subject of Mr. Rosenblatt’s paper, is a later 
installation and was designed originally for electrical operation. 
The problem at first presented was that of the general advisa¬ 
bility of applying elecrical power to the operation of dredges 
in this situation, and it was a question on which engineers 
differed. The ground was hard, there were many large boulders 
and the bedrock was at great depth. The steam dredges were 
experiencing much difficulty, and the power was insufficient for 
the work and there were constant breakdowns and delays. A 
very able engineer who was called into consultation, was of the 
opinion that the conditions were altogether too difficult to per¬ 
mit of operation by electrical motors. The ever-varying pull 
on the digging chain, the frequent obstructions met with in 
the way of boulders and other causes, tended to produce enor¬ 
mous strains and varying torque on the driving motor, and render 
questionable the successful operation by electrical power. Those 
who have seen a dredge of this kind operating in hard ground 
will appreciate how difficult the problem appeared, at that time. 
One engineer observing the operations, used this expression, 
“ see it toil, see it toil;” the inference being that the “ toil ” 
was altogether too strenuous to be undertaken by an electrical 
drive. That, however, is now all history, and we know that for 
any dredging service, no matter how difficult, electrical motors 
properly designed are altogether suitable. The. dredge is a 
comparatively simple machine; as here applied it is a combina¬ 
tion of elevator and excavator. At times there is very little 
actual digging, as the earth is loose and falls into the buckets. 
Under these conditions it is merely a question of elevating this 
earth to the surface. As the excavation reaches bedrock the 
conditions change; the material is hard and tough and must 
be torn apart with the expenditure of a considerable amount of 
energy. From my knowledge of conditions at Ruby and 
elsewhere, I would say that the dredge operations for the ma¬ 
chine described by Mr. Rosenblatt, are the most difficult in this 
country. This hard digging, the great size of the dredge and 
the depth from which the material was excavated,, were the con¬ 
ditions surrounding the problem for this particular dredge. 
The bucket chain is a massive affair and it moves at a slow 
rate of speed. The pull on the bucket chain is constantly vary¬ 
ing, due to the ever-changing conditions of digging, and also 
to the further fact that the chain is driven from the top by a 
five-sided tumbler, resulting in a constantly varying driving 
radius. The motor torque is, therefore, ever changing and may 
vary widely during short intervals of time. 

One of the important conditions of dredge operations is to 
maintain maximum speed of the digging chain in the upper 
part of the excavation and to be in readiness to develop maximum 
pull on the chain, at somewhat lower speed, as soon as bedrock 
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is reached and the difficult ground encountered. It follows, 
therefore, that a considerable measure of speed control is ab¬ 
solutely necessary for successful operation in this situation. 
Many methods of obtaining this speed control have been sug¬ 
gested and applied, but the one described by Mr. Rosenblatt 
has proved eminently successful for conditions met in actual 
service. Some engineers have suggested a change to a direct- 
current drive, but I have never been able to obtain any better 
efficiency or improved performance for direct current, where 
the available source of power was alternating current, and the 
necessity existed, therefore, of using conversion apparatus. 
At the present time there is nothing better or more available 
for this service than an alternating-current motor having a wound 
secondary with a control rheostat capable of continuous opera¬ 
tion. 

Mr. Rosenblatt has well said-that for the best results it is nec¬ 
essary to keep these dredges in as continuous operation as pos¬ 
sible. When the records show that month in and month out 
the dredges have been in service 80 per cent of the total time, 
it is certainly a creditable performance. Such results as this 
prove that electrical power, when applied to dredge opera¬ 
tions, is a great success, and that the apparatus as described by 
Mr. Rosenblatt has materially contributed to this result. 

Some discussion has arisen in reference to the relative merits 
of a belt drive as compared with a direct gear drive for the main 
bucket chain of a dredge. This is a question more of expediency 
and economy than of performance. It is not well to make the 
drive too rigid, and some means of providing for a little slip 
in case the buckets come up against a rigid obstruction, is very 
desirable. With a small or mo derate-size dredge, this result 
can be obtained in a rather inexpensive way by using a belt 
drive from the motor and permitting the belt to slip if occasion 
should arise. On very large dredges, however, belts are too 
bulky and are very objectionable for mechanical reasons, and 
it. is better to provide a gear drive with a form of mechanical 
slipping friction introduced at some point between the motor and 
the bucket chain. This slipping friction should be designed, 
not as an ordinary friction clutch, but as an actual slipping fric¬ 
tion. 

To return to the matter of control for the main digging motor, 
and referring especially to the liquid rheostat described by Mr. 
Rosenblatt, I would like to add that this has proved to be a 
most satisfactory piece of apparatus. For hours at a time 
the motor is operated at reduced speed and the heat developed 
in the rheostat is taken care of very nicely by the cooling coils. 
The regulation is excellent and the man operating the dredge 
has fine control over the bucket chain. For motors on small 
dredges, almost any kind of rheostat will work well, but for such 
an immense dredge as the one here described, I know of no 
better arrangement than the liquid rheostat. The arrangement 
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whereby the cooling coils are placed on the outside of the boat in 
the dredge pond, is worthy of special attention. This device has 
obviated all the trouble with the circulation of muddy water 
through cooling coils immersed in the rheostat tank, and is one 
of the reasons for the success of this installation. 

In conclusion I would like to emphasize the thought which I 
first mentioned; that it is not at all difficult to apply electrical 
power or electrical methods to the operation of any machinery 
if the conditions be carefully analyzed in advance, and the 
proper use be made of methods and machinery now well under- 
stood. 

F. A. Ross: I am conscious that a miining engineer can take 
but small part in this discussion of Mr. Rosenblatt’s paper. 
The word “ mining ” can scarcely be applied to gold-dredging 
since, as Mr. Gerry has said, dredging is but the elevation of 
gold-bearing gravels and a transfer of the same to another point; 
therefore, the design and operation of dredges comes within 
the province of the mechanical, electrical and, often, the hy¬ 
draulic engineer, rather than in that of the mining and metal¬ 
lurgical engineer. The latter is called into the question only at 
the beginning and at the end. Because of his training in esti¬ 
mating the value of mineral-bearing ground he does the drilling 
or sinks the test-pits and then he estimates the profits possible, 
or probable, from a handling of the greatest tonnage practicable. 

At this point he must turn for help to the mechanical engi¬ 
neering departments of the dredge-builders, where the data he 
submits govern the design of the dredge; and the mechanical 
engineer, himself, must apply to the electrical engineer for 
motor designs and for advice as to the general application, of 
electricity to the needs of the case in hand. But the mining 
engineer must make no mistake as to the average character of 
the gravel to be worked nor may he fail to note the heaviest 
duty that the dredge must perform. Moreover, as a metal¬ 
lurgist he must specify the type of gold-saving apparatus to 
be used, but, once the machine is built and at work, he may 
safely step aside and leave its operation to the skilled dredge- 
crew that takes orders henceforth from the mechanical and 
electrical engineers. Electricity has so far superseded steam as 
a motive power in dredging that there are few steam dredges 
employed today in working gold-bearing gravels. 

As Mr. Gerry said, the latest gold-dredges are mechanical 
monsters, performing feats of strength and endurance that 
are almost unbelievable by' those that see them for the first 
time; and they call for a refinement of theory and practise both 
in mechanical and in electrical design. The close-connected 
buckets must tear away at consolidated beds of boulder-gravel 
without pausing and must work out of sight, under water, 
at depths of 70 feet or more. Gravels differ greatly in character, 
some being composed of small, nearly uniform, boulders, while 
others contain boulders of all sizes, even up to a size that renders 
dredging impossible. 
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The greatest difficulty, then, lies not so much in the building 
of a machine strong enough to stand up to the duty imposed 
upon it, as in an accurate determination of the total work to be 
done and the character of that work, Mr. Rosenblatt mentions 
a maximum capacity of about 250,000 cu. yd. per month for 
the largest gold dredges, but there is one up in Idaho Basin which’, 
according to the statement of its general manager, made a record 
of 340,000 cu. yd. in one exceptionally good month. In this 
case, the gravel is small and uniform and the beds shallow. 

L. K. Armstrong: After what Mr. Ross has said I don't think 
it will be necessary for me to say anything or to apologize for 
the little the mining engineer knows about gold dredges. 

I have in mind the early days when the electrical engineer was 
seeking a market for his current. Some of them conceived that 
they might apply it to the gold dredge business, and after a 
considerable time and many attempts they seem finally to have 
acquainted themselves so thoroughly with the business that the 
business has been practically turned over to them. 

I was trying to think, while, one of the speakers was talking, 
about a meeting of the American Institute of Mining Engineers, 
when this particular subject was brought up and there was a 
lot of discussion on the question of whether or not electricity 
could ever be applied successfully to the operation of a gold 
dredge; the discussion was all in favor of the negative. Today 
from the information we have here, I find that gold dredging 
would be practically unsuccessful, and I am very certain that 
is so in many cases, but for the application and practical de¬ 
velopments on the part of electric engineers and the application 
of electrical power. 

W. M. Shepard: In regard to the case of squirrel-cage vs. 
slip-ring motors for screen and stacker drive. All of the earlier 
California dredges were equipped with squirrel-cage motors and 
it is only on the larger dredges built in the last few years that 
slip-ring motors have been used. 

On large.dredges the screen represents quite a heavy starting 
load, especially if it is started when full of wet clay and rocks, 
which very often happens. The screen is operated continuously 
when the dredge is in operation, so that the characteristics 
desired are good efficiency and high starting torque. 

On large dredges for deep digging, the stacker is very long 
and elevates the material to a considerable height; this is neces¬ 
sary to get the large amount of material handled out of the way. 
On the Yuba Consolidated Goldfields dredge No. 14, which 
digs to a depth of 70 ft. below the water line, the stacker is 
137 ft. long. Starting a stacker of this kind, especially if it 
happens to be loaded, as is frequently the case, requires a high 
starting torque and it sometimes takes several minutes to bring 
it up to speed. 

If a stacker of this kind was operated by a squirrel cage motor 
of ordinary design it would require a larger motor than if the 
slip-ring type was used, on account of the lower starting torque. 
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A squirrel-cage motor with high-resistance rotor could be 
used which would give the required starting torque, but at the 
sacrifice of efficiency, and as these motors are large size, those 
on some of the larger dredges being 75 h.p., and operate at all 
times that the dredge is running, this loss in power even at a 
low rate would become ' quite an item. With some dredges 
where a considerable number of small boulders are handled 
over the stacker, the speed has to be reduced at times when a 
number of these are being handled, as, if the speed is too high, 
the boulders will not stick to the stacker belt and be carried 
over the top, but will roll down and cause considerable trouble. 
A slip-ring motor with proper resistance would take care of a 
case of this kind when a squirrel-cage motor would prove un¬ 
satisfactory. 

The difference in maintenance cost between the slip-ring and 
the squirrel-cage motors used on these drives is shown on 
actual operation to be negligible; for the slip-ring motors oc¬ 
casional extra brushes are required, and for the squirrel cage, 
extra contacts for the starters. 

The drum-type controllers used with these motors give prac¬ 
tically no trouble as the service required of them is compara¬ 
tively light. 

Regarding Mr. Rosenblatt’s recommendations covering speci¬ 
fications for the digging motor: it seems to me that the introduc¬ 
tion of the special features which he recommends is confusing 
and not to the advantage of the purchaser. For instance, a 
motor designed to meet the standard heating guarantees adopted 
by all American motor manufacturers from the A. I. E. E. Rules 
would, in all probability, meet the specifications submitted by 
Mr. Rosenblatt and the use of standard specifications would 
be of advantage to both the purchaser and manufacturer. Fur¬ 
thermore, it is not usually necessary for the digging motor to 
run for considerable periods at reduced speeds. The rate of 
digging can be controlled either by changing the speed of the 
bucket line (varying the speed of the digging motor) or by 
varying the rate of feed, which is controlled by the swing winch. 

The dredge has side lines on either side connected to dead- 
men on the bank. The swing winch in connection with these 
lines swings the dredge back and forth across the face of the cut 
while the bucket line is in operation. The rate at which the 
dredge is swinging governs the feed of the buckets and so the 
amount of material moved and the load on the digging motor. 

It is much more efficient to allow the digging motor to operate 
at full speed with all resistance cut out of the secondary and 
control the load by means of the swing winch motor (which is 
from 10 per cent to 15 per cent of the capacity of the digging 
motor), than to operate the digging motor at reduced speed with 
consequent losses in the secondary resistance. 

In regard to special bearings in the digging motor to resist 
upward thrusts, the large majority of gold dredges have the 
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digging motors belted, which requires no special features in the 
bearings. The larger motors are usually provided with three 
bearings. 

Regarding those motors which are geared: the bearing thrust 
when digging should be downward; the only times when the 
bearing thrust should be upward would* be when the bucket line 
was being backed up, which would be only a very small fraction 
of the time it was going ahead, and when it was being backed up 
the load would be light, as there would be no digging.. 

The point which I wish to bring out is that standard equip¬ 
ment, if properly applied, is well adapted to meet all conditions 
of dredge service. I have, had to do with the electrical equipment 
of something over thirty gold dredges of bucket capacities ranging 
from 3 to 18.2 cu. ft. and digging depths of from 15 to 70 feet. 
These dredges operate in every character of ground and all use 
standard equipment. Among them are some of the most suc¬ 
cessful dredges yet constructed. The problem in electric drive 
is in proper application and not special equipment. 

Regarding the control of the digging motor, I believe that 
proper drum-type controllers are all that is required for motors 
up to 200 h.p. capacity. There are quite a number of digging 
motors of this size operating with drum. controllers and they 
have proved entirely satisfactory. A number of them have 
been in operation over a period of years. The control is ade¬ 
quate and simple and the maintenance cost very low. 

Drum-type control has been employed on digging motors as 
large as 300 h.p., but in the writer’s opinion better service could 
be obtained with other types of control for motors above 200 
h.p. 

For larger motors magnetic control or properly designed 
liquid rheostats can be used. There are a number of magnetic 
control equipments m successful operation on digging motors of 
300 h.p. and 400 h.p. capacity, som£ of which have been in 
operation for two or three years. They have all proved satis¬ 
factory in operation and their maintenance cost has been low. 

While experience with liquid rheostats on board dredges is 
as yet very limited, and there are some difficulties to be overcome, 
there is no reason why, with proper design, their operation should 
not be successful. 

I cannot agree with Mr. Rosenblatt regarding the excessive 
amount of resistance required with magnetic control nor with 
his statement regarding the fire risk incident to the use of resis¬ 
tors. The digging motors are provided with standard heavy 
duty resistors good for continuous operation at a speed reduction 
of fifty per cent, and these have proved entirely adequate; and 
in no case that I have ever heard of has there been any question 
of fire risk from these grids and there need not be, if they are 
so located that the air can circulate freely about them. 

There have been a number of fires on dredges caused by elec¬ 
trical troubles; these, however, have nearly all been due to 
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faulty installations of oil switches. As a result of these fires 
the Board of Fire Underwriters of the Pacific made a thorough 
investigation and issued a set of rules on “ Standard Electrical 
and Fire Protection for Dredges.” This set of rules is very 
thorough and in them no question is raised regarding the grids 
nor are special precautions required in their installation. 

Mr. Rosenblatt mentions the use of intermittent-rated motors 
for ladder hoist winch, and for raising the spuds or controlling 
the head lines, if these are used instead of spuds; if separate 
motors are used for these purposes the intermittent-rated motor 
would be all that is necessary. As a rule, however, separate motors 
are not provided for this service. The ladder hoist winch is 
usually operated from the digging motor and this arrangement 
provides so much power that the ladder is raised much more 
quickly. The control of the spuds or head-lines is usually taken 
care of by the swing winch motor. 

These operations are controlled by levers in the winch room. 
The swing winch is in operation all the time and an intermittent - 
rated motor is not suitable for this purpose. 

The power required from the digging motor depends on the 
size of buckets, speed of buckets, depth of digging and character 
of ground dug. The size of buckets varies from 2\ to 18.2 cu. 
ft., the speed from 18 to 22 buckets per minute, the depth 
from 10 to 70 feet below the water-line, and the character of 
ground from loose gravel and sand to hard cemented gravel. 
The size and weight of a dredge does not depend simply on the 
size of the buckets, but is also governed by the depth of digging 
and character of ground. 

The largest and heaviest gold dredge yet constructed is, I 
I believe, one of the all-steel California dredges which has 16- 
cu. ft. buckets and digs to a depth of 70 ft. below the water 
line. This dredge has handled 325,000 cu. yd. in a running 
month of 30 days. I believe the highest record for material 
moved is at present held by the Boston and Idaho dredge, 
which has buckets of 18.2 cu. ft. capacity and has a record of 
over 400,000 cu. yd. in one month. 

In point of size and power this dredge is not the equal of the 
large California dredge just mentioned, but has shallower 
ground and easier digging. 

A. A. Miller: I do not have anything in particular to add to 
the technical part of this discussion, but I know that a great deal 
of the work of this character, the use of electric power in gold 
dredging, is being carried on in the northern possession of our 
Canadian neighbors across the line, in the vicinity of Dawson, 
Yukon Territory, particularly; they have some of the largest 
gold dredges in the world, I believe, which are being used, par¬ 
ticularly by Mr. Boyle of the Boyle Concessions; they have built 
water power plants and transmission systems of their own for 
the purpose of furnishing these dredges with electric power. 
Unfortunately the site of operation is so far removed from us 
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that we cannot get^to them very frequently to know what they 
are doing, and the information apparently does not reach us. 
It would be interesting if we could get more detailed information 
from those particular dredges. 

I believe there will be also in the course of the next year 
or so considerable activity in the vicinity of Nome in this 
same sort of work. I was told by a mining engineer who is fam¬ 
iliar with conditions there that in the next two or three years 
there will be something like $5,000,000 taken out from a clearly 
defined area by dredging operations. 

C. B. Rosenblatt: I am going to make this discussion as 
brief as possible, but there are a few things that I can’t let go by. 
One of the gentlemen registered some objection to the use of 
alternating current. We all know that a direct-current motor 
would be an ideal drive. Nobody denies that; but the gentleman 
does not look at this matter from the dredging point of view, 
he looks at it purely from the electrical engineer’s standpoint, 
and that is one thing I particularly ask you gentlemen not to 
do when it comes to dredging. Direct current for dredges has 
been figured over and over again. I believe Mr. Gerry here went 
into that as carefully as any man possibly could when the 
Conrey Placer Mining Company decided to electrify. Engineers 
in California went into it carefully too. It can’t be figured out 
any way to show a monetary profit under conditions of power 
supply that obtain today—and remember the dredge is in busi¬ 
ness to make money. 

# Mr. Shepard has a very good communication from San Fran¬ 
cisco. There is only one thing about it that demands comment 
and that is that it represents California practise as advocated by 
two manufacturing companies. Mr. Shepard’s remarks apply 
particularly to the type of dredge built by those two companies, 
which use certain motor drives that are arranged primarily for 
the use of standard motors, even for the digging motors. There 
is considerable question as to whether the drives used by these 
manufacturers are the best for a big dredge, but that is not 
a problem for the electrical engineer to discuss. Mr. Shepard 
mentions particularly the use of a wound-rotor motor drive for 
the stacker as compared with the squirrel cage motor. That is a 
matter on which I said I expected some criticism from California 
because they have generally come to use the wound-rotor motor 
for that work. But remember the California climate is particu¬ 
larly favorable. It is all right to take a slip-ring motor and 
stick it up on the end of the stacker if you have a favorable cli¬ 
mate and never get down below forty degrees above zero, but 
the conditions in Montana, Oregon, Wyoming and Alaska are 
different from that. Another thing Mr. Shepard does not take 
into account is the fact that the dredges with which he is con¬ 
cerned, have comparatively easy digging; while the Californians 
may not agree, I believe it is easier to dig the California gravel 
than it is the Northern clays, and Mr. Gerry brought that out 
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when he said that his own opinions and observations in this 
matter had been backed up by the observations of practical 
dredge men. 

There are good points about each kind of drive. Each may 
be particularly fitted for a particular installation. There is no 
panacea for this dredge w r ork. I have tried to point out the con¬ 
siderations that apply most generally. We have to analyze each 
case by itself and find the underlying conditions that make the 
selection of particular apparatus most desirable, and while un¬ 
questionably, for Mr. Shepard’s own conditions, he has selected 
very excellent electric drives for those dredges in California, 
they will not necessarily work with best success everywhere 
in the world. 
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ECONOMY IN THE OPERATION OF 55,000-VOLT 

INSULATORS 


BY M. T. CRAWFORD 


Abstract of Paper 

The author gives a brief outline of the operating experiences on 
three 55,000-volt lines, two of which have been in service 10 years 
and one 5 years. The quality of the more^modern porcelain 
insulators is notably superior to those first installed on these 
lines. A device is described by means of which detective 
insulators can be readily detected in the very early stages of de¬ 
terioration, and by periodic use of this device and replacement of 
insulators, failures in service have been practically eliminated. 

T HE final measure of success in a transmission system is 
the cost of securing the desired performance therefrom. 
The failure of line insulators from breakage or electrical 
causes is a menace to service performance, and may be the 
cause of heavy maintenance expense if the failures are frequent 
and repairs must be made under emergency conditions. 

The problem of securing satisfactory and economical opera¬ 
tion from lines having gradually weakening insulators, has 
recently become an important one on some systems. 

This paper outlines briefly the operating experience on 
several of the older lines of the Puget Sound Traction, Light 
and Power Company system, and describes methods employed, 
to secure satisfactory performance economically. 

General Data 

Nominal voltage, 55,000; non-grounded neutral; 60-cycle, 
three-phase current. All pin type insulators are of the design 
shown in Fig. 1. 

Line A. In service 10 years, from Electron generating 
station to Tacoma. Length, 31 miles (49.8 km.). Number 
of insulators, 4450. Poles, 40-ft. (12-m.), set on average spans 
of 125 ft. (38 m.). Wires spaced six ft. (1.8 m.). No. 4/0 B. & 
S. copper 21 miles (33.7 km.); No. 0 B. & S. copper 10 miles 
(16 km.). Insulators cemented on iron pins. Wooden pins 
screwed in insulators were used on a portion of this line when 
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first installed, but have nearly all been replaced at this date 
with iron pins. 

Line B. In service 10 years; from Electron generating sta¬ 
tion to Seattle. Length 47 miles (75.6 km.). Number of 

?o?f°Jo S o 6m - P ° leS 40 ft ' set on avera ge spans of 

125 ft. (38 m.). Wires spaced six-ft. (1.8 m.). No. 4/0 B. & S. 

copper. Insulators cemented oil iron pins. 

Line C. In service five years at 55,000 volts; from Snoqual- 

mie generating stations to Everett, Seattle and Tacoma. Length 

160 miles (257.4km.). Number of insulators 17,350, 4550 of 

which were in service at 30,000 volts for two years previous 



Fig. 1 Insulator for 60,000- Volt Construction. 


to the 55,000-volt service. Poles 35- to 55-ft. (10.6- to 16.7-m.)', 

set on spans from 130 to 300 ft. (39.6 to 91.4 m.). Wires spaced 

seven and nine ft. (2.1 and 2.7 m.), and vary in size from No. 4 

B. & S. copper to No. 4/0 B. & S. aluminum. Insulators 
screwed on iron pins. 

Operating History 

Lin e A . The insulators originally installed on Line A were 
among the first of their kind and voltage to be made, and the 
art of high-voltage porcelain manufacture was not well under¬ 
stood at that date. Their appearance indicates that the clay 
was worked quite dry and that probably the mixture contained 
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a much lower percentage of china clay than is now used. Many 
samples show a lack of homogeneity in the ware and irregular¬ 
ities of surface, and firing cracks are visible under the glaze. 
The shells were-given a moderate test at the factory and shipped 
to Tacoma, where they were^cemented together and the assem¬ 
bled insulators subjected to a dry test of 120,000 volts. Dif¬ 
ficulties with the testing equipment made it necessary to put 
a portion of the insulators on the line without test. There 
were failures from time to time during the test, but as it was 
considered unusually severe, trouble was not anticipated. 

Electrical failures began to occur within a short time after 
installation, especially during line surges and in wet weather, 
and have continued from time to time to date. The larger 
shells crack radially and leakage over the smaller shells burns 
off crossarms. These cracks stand open perceptibly, indica¬ 
ting that there were shrinkage strains in the ware. 

It has been necessary gradually to replace these insulators, 
until at this date 83 per cent of the original installation has 
been replaced. 

Line B. The insulators on this line were purchased and 
installed under the same conditions as Line A, but were made 
at a different factory. The appearance of these insulators 
indicates a much better grade of porcelain with a smoother 
surface, but some samples of them do not compare with the 
ware turned out of the factories today. Such of them as were 
tested showed a very small percentage of failures. For the 
first five years of operation, very little trouble was experienced 
with these insulators, but later on they began breaking down 
occasionally and recently they have given a good deal of trouble, 
failing several at a time during an arcing ground at another 
point on the system. A large number of these insulators were 
put on Line A to replace failures of the original insulators 
thereon, so that the total installation of the ware purchased 
for Line B is about 8200 insulators. Of these, the failures 
to date have totaled about 4 per cent, nearly half of which have 
been in the last year. These insulators do not usually have 
a large radial crack, but a small crack starts on the head or in 
the side groove and runs around on the top of the insulator. 
It seems that these cracks enlarge until a leakage current starts 
through the top two or three shells and discharges over the 
surface of the lower shell. The tendency of a brush discharge 
to pass in the positive direction more than the negative, has 



1432 CRAWFORD: 55,000 -VOLT INSULATORS [Sept. 11 

a rectifying effect on the leakage current. This results in a 
partly unidirectional current from the bottom shell to the pin, 
and signs of electrolytic corrosion of the pin head in the cement 
have frequently been found. Once started, this will soon 
crack the entire insulator, as the high tensile stress put on the 
porcelain by this internal expansion will lower its dielectric 
strength. In many cases insulators have been found which 
were leaking noisily, and when the line v r as killed and an exam¬ 
ination made., the insulator was found intact, although a number 
of cracks were visible. As soon as the tie wire was removed, 
however, the entire insulator fell apart. 

Line C. The insulators on this line were made at several 
different factories and are of as fine a grade of porcelain as can 
be obtained today. A representative of the company at the 
factory tested each shell separately, and the assembled insu¬ 
lator, to 120,000 volts for five minutes. Every insulator was 
given this test and examined for physical defects, and stamped 
by the inspector if accepted. To date there have been onlv 
three failures, and it is possible that these were partially broken 
in some other way before failure. 

A large number of insulators have been installed on pole 
lines and steel tower lines built within the last few years on this 
system, which were tested as in Line C and screwed on iron 
pins, and there have been no failures. About 120 strain in¬ 
sulators, each consisting of three 10-in. (25.4-cm.) diameter 
link type disks with no cemented parts, have been in service 
at strain points for three years without trouble. 

The expense of replacing outright all the Line B insulators 
was prohibitive, and they formerly were replaced one by one 
when they got to the point where the leakage currents could 
be heard from the ground. This was not entirely satisfactory, 
however, as they were at an advanced stage of the deteriora¬ 
tion before this condition was reached, and frequently failed, 
causing an arcing ground that punctured other insulators, and 
a heavy charge against maintenance resulted on account of 
the emergency nature of the repair work. The first method 
tried was by using a megger, but no satisfactory results could 
be obtained unless the testing wire was over the leaking crack 
and this crack extended clear through to the pin. Each insu¬ 
lator had to be untied and the testing work was very expensive 
and laborious. After considerable experimenting a device 
was perfected to locate these insulators at an early stage of the 
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Fig. 2—Showing Method of Using Defective-Insulator 

Detecting Set 

Hand pick consists of insulated tube with sharp pointed steel terminal on one end which 
is thrust into the pole or crossarni. A sharp steel pin forms the othei terminal, which is 
driven into the ground or pole under the cross arm. A fuse and short-circuiting jack 
with plug on the receiver set rr ay be inserted in the circuit if there is any probability of a 
considerable voltage to ground. 
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depreciating process, so that the work of replacing them could 
be done economically and before they broke down and damaged 
other insulators and interrupted service. This device is shown 
in Fig. 2 and consists of a pair of 2000-ohm wireless tele¬ 
graph receivers, fitted up for the convenience and. safety of the 
inspector in testing. The hand pick is driven into the pole 
about seven feet from the ground, and the sharpened pin driven 
into the ground several feet away. The receiver set is con¬ 
nected between these two, and if all insulators are sound there 
is a clear audible hum of the same tone as the telephone line, 
due to the shunting of a part of the capacity current of the in¬ 
sulators on the pole top. If, however, one of them is leaking, 
a scratching noise is superimposed on the hum, which comes 
and goes as the neutral shifts to and from the wire on the de¬ 
fective insulator. The inspector then proceeds up the pole 
and tests between each insulator pin and the center of the 
crossarm, and thus locates the defective one. This-device 
can be used in a similar manner on steel tower lines. Insulators 
can be found in this way which have only a very small crack 
started and which will not puncture on the test below 100,00 
volts. Insulators with a crack clear around the head were 
taken off and tested, puncturing at from 60,000 to 65,000 
volts, but no sound was audible from them while on the line 
without the use of the detecting set. One or two lower petti¬ 
coats were usually found intact, the leakage current passing 
over their surface during the test until the puncture point was 

i* 0 ci clr cL 

Field books are kept with the record of the last test, and 
data on each insulator on every pole in Lines A and B. With 
practise the inspector can single out defective insulators which 
are at an early stage of the depreciating process. These tests 
c an be made while the lines are in service, at very slight addi¬ 
tional cost to the routine patrolling. Several hundred insulators 
can then be replaced at a convenient time and the work organ¬ 
ized so as to be done economically. By keeping at this work 
at regular intervals, failures in service can be practically dim- 

ni3/fcsci. 

It seems probable from the history of operation that the 
porcelain on Lines A and B was of lower dielectric stiength 
originally than that on Line C, and that many of these insulators 
were therefore under an electric stress which was a large, per¬ 
centage of their ultimate strength. Under these conditions 
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the poorer insulators soon failed, and the better ones gradually 
weakened/to fail later. The best insulators, however, as on 
Line C, are being operated at a potential which is a small per¬ 
centage of their. ultimate strength and are showing no signs 
whatever of weakening or fatigue, although they have only 
been in service five years. The Line A and Line B insulators 
began to weaken in less time than this, and it seems that if any 
process of fatigue were under way, some signs of it would surely 
be in evidence among 17,350 insulators after five years 5 service. 
Although the evidence is not conclusive, it seems probable to 
the writer that electrical fatigue of porcelain only occurs where 
the ware is operated under electrical or mechanical or com¬ 
bined stresses which are. too close to its ultimate strength 
Insulators should be designed and individually tested to with¬ 
stand at least 2\ times line voltage; and care should be taken 
that at high potentials, where unit insulators are in series, line 
voltage*is taken as the actual portion of the total voltage which 
comes on each particular insulator in the string. Where the 
gradient is not uniform and potential is concentrated more 
on some units than on others, these units should be designed 

accordingly and tested as above. 

The use of cemented-in metal parts should be avoided in 
connection with porcelain insulators, thus eliminating any 
possible trouble due to electrolytic corrosion if leakage currents 
occur, or due to expansion and contraction strains of the dif¬ 
ferent substances. The use of screwed-on pin-type insulators 
decreases the cost of replacing, and while not quite as suitable 
for heavy side strains, the use of strain insulators is better 

practise for such points. 
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Discussion on “ Economy in the Operation of 55,000-Volt 

Insulators” (Crawford), Spokane, Wash., September 1 , 

1914. 

J. Harisberger: What brought about the deve J°P“ et l^ 
testing insulators as mentioned m the paper, was a sto f 

in the Puget Sound district last winter, causing a n u“»er of 
breaks in our transmission line where it goes through heavily 
timbered country, these breaks causing arcing grounds and break¬ 
ing down insulators all over the system. _ We had been very 
proud of our record of uninterrupted service and this trouble 
set me to thinking about aging of porcelain that has been so 
much discussed recently. I have been unwilling to admit to 
myself that there is such a thing as the aging of porcelain, a 
I do not believe it now. Last spring I made a trip down the 
Coast to visit operating companies that have been operating 
lines of 50 000 volts or over for some time, to get what mtorma- 
tion I could as to their experience. I visited eight companies 
and found but one man who was positive that porcelain de¬ 
teriorated and gradually lost its dielectric strength. 1 toun 
that the experiences of most of the companies visited were 
quite similar to our own. The porcelain of some of the insulators 
in service five to six years, on close examination, showed a mott¬ 
led surface similar to that of Dedham china ware. On break¬ 
ing the insulator, discoloration of the cracks to a depth of one- 
quarter of an inch was occasionally found. There is no doubt 
that this condition cuts down the insulating quality of tne 
porcelain and these insulators should be weeded out before they 
are broken down by some disturbance on the system. During 
my absence, Mr. Crawford developed the method as outlined 
in this paper for locating such insulators. I_believe that every¬ 
one having had experience in the operating of high-voltage 
transmission lines will agree with me that high-frequency dis¬ 
turbances such as are caused by arcing grounds, etc., are mos 
to be dreaded. While in California, I spent half a day with 
Professor Ryan, of Stanford University, who showed me a 
practical demonstration as to what high-frequency currents 
will do. An insulator that would show practically no distress 
at 150,000 volts at 60 cycles, would be punctured in a few sec¬ 
onds when subjected to over 100,000 cycles and not over 25,000 

It is quite noticeable on our system that the majority of 
failures are insulators cemented to iron pins. Over seven years 
ago I objected to cementing insulators to pins and designed a 
pin with a flexible top for screwing on 60,000-volt insulators. 
I was much criticised and was told that I would get into trouble 
on account of the metal expanding and breaking the insulator. 
We have some 20,000 insulators in service of this type of con¬ 
struction, and I have yet to hear of a failure on account of this 
type of pin. 
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M. H. Gerry, Jr.: The design of high-tension line insulators 
is now pretty well understood, but, of course, it is still a question 
of effective material and proper distribution. The most im¬ 
portant of all is the distribution of electrical stress. This 
has been discussed many times in the Institute Proceedings. 

Y. H. Greisser: The principal thing in this paper of interest 
to me is the fact that the telephones can be used for delicate 
practical tests, and we are very fortunate indeed to be able to 
secure some such instrument that is sensitive enough to test 
insulators. Practically the only instrument of any use on high- 
tension work previous to this, has been the oscillograph, and 
that has not been sensitive enough to be very useful in testing 
porcelain insulators. 

A. A. Miller: I take it for granted that Mr. Greisser J s last 
remark that the oscillograph does not afford the proper means 
of testing insulators referred to the work which Dr. Ryan has 
been performing in California, where he has used very high 
frequencies, away beyond the natural periodicity of the oscillo¬ 
graph, and found that it was very easy to puncture porcelain 
insulators by using such frequencies. He has a laboratory in 
which he very effectively demonstrates the ease with which 
porcelain is punctured by means of these very high frequencies, 
boring holes right through an insulator. Professor Ryan’s 
investigations I think will throw a great deal of light on that. 

H. R. Noack: There has been a great deal of discussion upon • 
the subject of aging of porcelain. I think there is some mis¬ 
conception of the meaning of the term “aging.” As I under¬ 
stand it, aging applies particularly to a molecular change in 
the porcelain itself. Porcelain is a very inert matter and, so 
far as any studies which I have been able to make on the subject 
are concerned, there has never been noticed any molecular 
change within the porcelain itself. The effects commonly con¬ 
sidered as aging, I am satisfied, have nothing to do with molec¬ 
ular changes, but are generally due to external influences. 
For example: porcelain insulators as used today are generally 
in combination with-other materials, such as cement and steel 
or iron, and some of the changes noted under operating condi¬ 
tions undoubtedly are due more to the influences of a combina¬ 
tion of these different materials with different characteristics 
than to any inherent change in ‘the porcelain itself. Again, 
there is no known standard, to my knowledge, as to what con¬ 
stitutes perfect or ideal porcelain; different manufacturers have 
different standards in mixing, firing 4 and in manufacturing, 
generally, so that there is no one standard which has yet been 
established as to what constitutes ideal porcelain. Many of 
the troubles which have been noticed may, in my opinion, be 
ascribed to improper firing of the porcelain, assuming, of course, 
that in the first instance the mixture was suitable to make per¬ 
fect porcelain if handled properly in the subsequent manufac¬ 
turing operations. It seems to me that, eventually, engineers 
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will have to determine upon some standard for measuring per- 
feet porcelain. An under-fired piece of porcelain is, to a certain 
degree, porous. The porcelain is almost invariably covered 
by a glaze, which is a glassy structure and protects the body 
of the porcelain from external influences, such as moisture and 
gases, but under operating conditions the. glaze may be event¬ 
ually injured, and even though it is not injured, there are some 
portions of the porcelain which are not covered by the glaze, 
due to manufacturing necessities, so that gradually there may 
be absorption of moisture, which, when subjected to heating 
influences due to electric currents, may cause expansion to such 
a degree as to gradually develop minute cracks,^ and these, 
though microscopic at first, will eventually grow in intensity, 
and finally allow the porcelain to puncture. On the other hand, 
the porcelain is sometimes over-fired, in which case it takes on 
a glassy'structure and is not capable of resisting the influences 
of alternate expansion and contraction to the same degree as 
perfect porcelain. 

The question of “aging” is one of great importance and, as 
I said in the beginning of my remarks, I do not believe that it 
has been demonstrated that any such phenomenon exists, but 
that the difficulties arising from so-called “aging” are due to 

external influences. • 

T. R. Cornick: I was with the Mexican Light & Power 

Company when its line was first put into operation. We had 
approximately 500 miles of 60,000-volt circuit and later 40 or 
50 miles of 20,000-volt circuit. I was there for approximately 
five years after these lines went into operation and I do not think 
that I ever discovered any “aging.” We did have a lot of 
trouble due to electrical disturbances and I should say approxi¬ 
mately twenty punctures. Those punctures took place, how¬ 
ever, when these electrical disturbances were on; therefore we 
did not call them the “aging” of the insulator. That line after 
being in operation at 60,000 volts for several years was increased 
to 80,000. The insulators of course were changed. To start 
with we used the Rio type, 14 1/2 in., which was changed to, I 
think, 18 in. when they went to 80,000 volts. Since they went 
to 80,000 volts they have had no appreciable increase of trouble. 
Our troubles all took place before we put on the ground-wire. 
After we put on the ground-wire our troubles decreased, from, 
you might say, every day of the rainy season (during six months 
of the year) to approximately three cases of trouble during the 
rainy season. We, therefore, took it that the trouble was 
purely and simply the lightning and not trouble with the in¬ 
sulators. Therefore, I think Mr. Noack is right in his discussion 
in that it isn’t a case of “aging” of the insulators but is doubt¬ 
less a case of poor mixing, or poor manufacture. 

P. M. Lincoln: I ask Mr. Cornick if the ground wire was 

overhead? 

T. R. Cornick: Yes, overhead ground wire. 
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L. T. Merwin: I can’t offer anything from experience here 
in Washington, because the line of the company with which 
I am connected has been in operation only 17 months. I 
might say, however, the insulators that are now being put on 
the market are certainly remarkable for the factor of safety 
that is offered. I speak now from the experience of an instance 
on our line shortly after it was put into operation. It was on 
June 17th of last year, when we had a turbine runaway in our 
plant. After we had patched things up, and got the line in 
operating condition again, or rather got the plant in operating 
condition again, we tried to repeat the runaway under hand 
control, and one of the results that we obtained by interpolation 
and extension of the graphic lines on our charts showed that we 
must have had, during that runaway, an impressed voltage on 
the line of something between 150,000 and 200,000 volts. The 
line is of wooden-pole .construction with steel-core aluminum 
conductors and pin type insulators, with four strain units in a 
dead end. The pin type insulators had cemented lead thimbles 
m the top of the insulators, the lead thimbles receiving a J^-in. 
steel pin. Now, since that runaway and the impressing of' that 
extremely high voltage on our line we have not had a single 
breakdown, neither did we have a single breakdown up to 
that time. The line was put in operation on the 25th of Anril 
1913, and on June 17th the runaway occurred with this high 
impressed voltage. It is now approximately fifteen months 
and we have yet to experience our first insulator failure. 

. , might also add that on a nother occasion our insulators 
withstood a severe arcing ground for If hours before the faulty 
section could be cut out by open air switching. This occurred 
quite recently, with no bad results. 

Incidentally, our lines are delta-star connected with ungrounded 
neutral, and I was able to carry load through this very severe 
arc. Now it is, I should say, a remarkabll thing that W 
lators have such a large factor of safety as to stand a 
voltage of two to three times the working voltage. The farmers 
along our line described the spectacle as being awe-inspiring. 
Of course any high arc is awe-inspiring to the layman; but 
from reports our line must have been lit up with corona from 
one end to the other and apparently looked like a solid streak 
of fire from the White Salmon river clear through to Camas. So ' 
“ there is any aging in insulators it certainly has not appeared 
yet m the seventeen months of operation, and there certainly 

were no immediate bad results. y 

L. J. Corbett: There is one point that' I would bring up 
here which has not been touched upon as yet, and that is the 

Wd tW f sulator ?. a ^d their possibilities. We have 
sulator? nuf only regarding the changes in the porcelain in¬ 
sulators. The porcelain manufacturers have been busy for some 

to m have d a h verv b r e P 7w° mS ^ ery e ffective work, and they appear 
to Have a very reliable product at the present time. • It seems 
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to me that glass, with its superior insulating qualities, should be 
worked upon a little more by the glass manufacturers and it 
may be possible that a more effective insulator, an insulator 
more constant in its qualities, could be developed. The objec¬ 
tion I believe is the uncertainty of glass in its mechanical 
strength. The difficulty about the porcelain is the uncertainty 
in its electrical strength, and I would like to see in the future 
more development in that line if there are actual possibilities. 

Ralph W. Pope: I have been thinking of glass during this 
discussion. Mr. Field, who was one of the early electrical 
engineers in California, stcited, that the possibilities of glass for 
long-distance transmission insulation had been overlooked; 
and I may say, in reply to Mr. Corbett, that the manufacturers 
have gone into this question very thoroughly, and some of the 
data as regards tests will be found in the Transactions, 1912, 
XXXI, p. 2195. If there is any doubt as to the relative qualities 
of porcelain and glass it would be wise to put them in oper¬ 
ation at the same time and study the results simultaneously 
so that if there is a possibility of the glass insulator being better 
it could be ascertained in that way. In the discussion which 
took place at the Cooperstown convention on insulators the 
question of mixing of porcelain came up for consideration, 
and it appears to have been maintained that it wasn’t the busi¬ 
ness of the electrical engineer to go into the mixing of porcelain, 
but that that was the work of the ceramic engineer. # There is 
no doubt but that the manufacturers of porcelain insulators 
are investigating this; but, as it appears to me, it is a rather 
difficult matter, and the committee found it so, to arrive at a 
standard of perfect porcelain. The mechanical stress is a very 
important feature, and I think that is particularly what the 
manufacturers had in view in the construction of glass insula¬ 
tors. Those can be obtained now, I believe, in almost any 
form, and’ I think it would be worth while for engineers to test 
out their possibilities. 

M. H. Gerry, Jr.: There is considerable misunderstanding on 
the subject of glass insulators. Glass is weaker mechanically 
than porcelain, and is also subject to internal strains, which 
may cause cracking when exposed to varying temperatures. 
The internal strains can be obviated to a considerable extent 
by proper design and can be materially, reduced by careful 
annealing during manufacture. Glass insulators in many in¬ 
stances will give most excellent results; they are always cheaper 
and often better than porcelain insulators. I have had personal 
experience with over 200,000 glass insulators under operating 
conditions at voltages from 25,000 to 70,000, and I have never 
known an electrical failure traceable directly to the material. 
Where trouble has occurred, it has been due either to defective 
design, improper annealing or too great mechanical strain on 
the insulator. It would be impossible to make a statement 
of this kind for porcelain, as a great many electrical failures 
have been due^tojlefective material. 
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A. A. Miller: I ask Mr. Gerry whether or not he considers 
the new form of insulators, in which there are disks placed in 
series to each other, contributes in any way to the elimination 
of these internal strains. In other words, the disks it seems 
to me, would contribute to the elimination of thes^ interml 
strains a great deal more than the petticoat insulators. 

■ , ry ’ J r: . 11 is entir ely a question of proper a nn eal- 

mg of the glass during manufacture and the relative proportions 
of the different parts of the insulator 

E Woodbury: I ask Mr. Harisberger if he can tell how they 
would apply this test of the telephone receiver in case of a tower 
line or a wooaen structure having pins grounded. 

He also mentioned that probably it was bad practise to have- 
cemented pins m the insulators; in view of this, do they use 
insulators with, cemented-in metal thimbles, or are the insula¬ 
tors screwed directly onto the pins? .. ' 

He also mentioned link-type strain insulators. It is mv 
understanding that that type is not now manufactured and 
that all suspension type insulators, therefore, would have 
cement. In line with his remarks on insulator troubles we 
have been in the habit of shutting down at convenient times 
our lines having pm-type insulators, and tapping the insulators 
with a stick to determine the cracked ones. On the coast where 

Trms on a t , r0uble w * th burnm g off of poles and cross- 

a ms on a 15,000-volt line, we have connected the iron pins to- 

of poles h a WirS and haVe stopped absol utely all the burning 

I have not had any experience with 
g ass insulators for high-voltage lines, but if anyone is qualified 
to speak on that subject, Mr. Gerry is. ^ q Q 

tn3ri^ aVe had *1° occas , ion for locating faulty insulators on 
tower lines, as we have only some 12 miles of tower line and the 

insulators have only been in service a little over two years and 
have given absolutely no trouble. 

In answer to Mr. Woodbury’s question, I will say that in- 
sulators cemented to iron pins have a threaded lf-in. pin hole 
Whenever an msnlator is broken, we do not change the pin' 

Sd ol r d ' d Sle T.° f s °h metal over the top of pfn’ 

d screw on a_ new insulator. This sleeve was designed for 

this purpose and costs about .two cents. 
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Scope 

T HIS report presents briefly an account of the formation of 
this Committee, its activities and results accomplished 
to date, and recommendations for such rulings hy the Railroad 
Commission of the State of California as the Committee believes 
are justified at this time; together with a technical discussion 
in explanation of the results and recommendations. 

Historical 

The formation of the Joint Committee on Inductive Inter¬ 
ference was the outgrowth of certain differences involving powei, 
communication and railroad interests which .were brought to 
the attention of the' Railroad Commission of California. As 
an alternative to contesting the issue at that time it was agreed 
by the power and communication companies, with the approval 
of the Commission, that a joint investigation should be made 
to obtain certain information essential to a proper solution of 
the difficulties. The Commission desired that the matter be 
thoroughly investigated before passing upon the general prin¬ 
ciples involved in these difficulties. To this end a general con¬ 
ference. was called to select representatives to form a Joint 
Committee” empowered to conduct tests, experiments.and in¬ 
vestigations, the results of which would serve as a basis of re¬ 
commendations for rules and regulations, to be issued by the 

1441 
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Commission, tending to minimize inductive interference and 
physical hazard arising from parallelism of different classes of 
circuits. This conference was held December 16, 1912. As 
a result, the Joint Committee on Inductive Interference, re¬ 
presenting the Railroad Commission and railroad, power, and 
communication interests of the State, was organized and 
authorized by the Railroad Commission of California to con¬ 
duct the desired investigation. 

The organization and personnel of the Joint Committee on 
Inductive Interference were approved by the Railroad Com¬ 
mission on January 6, 1913, and the Committee thereupon 
proceeded with the necessary tests and investigations. 

For the more efficient conduct of its work the Joint Com¬ 
mittee was divided into several smaller sub-committees, each 
assigned to, and responsible for, certain branches of the in¬ 
vestigation. Ihe present organization of the Joint Committee 
is given on a chart presented as Appendix VI. 

Early in its work the.Joint Committee established a field 
engineering staff reporting to the Sub-committee on Tests, to 
conduct the necessary tests and investigations. This field 
staff was composed of engineers in the employ of The Pacific 
Telephone and ' Telegraph Company and the American Tele¬ 
phone and Telegraph Company and was later augmented by 
the addition of two engineers and a stenographer engaged by 
the Joint Committee. 

Previous to the formation of this Committee in December 
1912, The Pacific Telephone and Telegraph Company had 
started an investigation of inductive interference between the 
lines of the Coast Counties Gas and Electric Company and the 
lines of the telephone company in the neighborhood of Morgan- 
hill in Santa Clara County. This investigation was completed 
by the Joint Committee and its results have been considered 
in connection with other work carried out by the Joint Com¬ 
mittee. 

In January, 1913, the Joint Committee established its field 
staff at Salinas, to investigate parallels on the lines of 1 the 
Sierra and San Francisco Power Company north of Salinas and 
on the lines of the Coast Valleys Gas and Electric Company 
south of Salinas, both of these power lines being parallel with 
lines of The Pacific Telephone and Telegraph Company, the 
Western Union Telegraph Company and the Southern Pacific 
Company’s signaling system. The investigation at Salinas 
continued from January 1913 until July 1913. 
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The specific work undertaken at Salinas was: a determina¬ 
tion of the magnitude and characteristics of the induction pro¬ 
duced in the communication circuits, the factors in the power 
circuits causing this induction, the quantitative relationship 
of cause and effect, and a comparison of the effects on the paral¬ 
lels north of Salinas with the neutral of the power circuit alter¬ 
natively grounded beyond one end of the parallel and beyond 
both ends of the parallel. 

In July 1913 the field headquarters were moved to Santa 
Cruz. At this point the Committee desired to test the relative 
merits of various schemes of transposition for both power and 
telephone circuits, and to complete the investigation begun at 
Morganhill on the system of the Coast Counties Gas and Elec¬ 
tric Company, which system is of a different character from 
that studied at Salinas. A mathematical study of transposi¬ 
tions in general, and particularly of those for the parallel be¬ 
tween Santa Cruz and Watsonville, has been completed. The 
experimental study of these schemes'of transpositions has not 
as yet been completed. 

Owing to the peculiar nature of the experimental work and 
the refinements required, suitable apparatus was not easily 
obtainable and in many instances it was necessary to design 
and develop special apparatus for certain of the tests. A con¬ 
siderable amount of time has necessarily been spent at all points 
of the tests in choosing, from the almost innumerable things 
which could be investigated with profit, those of greatest value 
which could be carried out with the means at hand. 

In the course of its investigations the Committee has prepared 
a series of fifty technical reports which present and discuss 
in detail the various features of the work, the methods and 
apparatus employed and the results accomplished. These 
reports, which are on file at the Committee headquarters in 
the offices of the Railroad Commission of California, are listed 

i 

in Appendix V. 

Results Accomplished 

The following paragraphs summarize very briefly the prin¬ 
cipal results accomplished to date. These statements of re¬ 
sults are accompanied by brief explanatory comment upon 
the conclusions reached. The reasons for and explanations of 
these conclusions are given in more detail in the appendices to 
which reference is made. 
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1* Interference to telephone circuits under normal operating 
conditions of power circuits arises almost wholly from the har¬ 
monic voltages and currents of the power systems. (See Appendix I). 

This is due chiefly to the fact that the frequencies of the 
harmonics generally present in the voltages and currents of 
power systems cover a considerable portion of the range of the 
voice frequencies, particularly those frequencies at which tele¬ 
phone instruments and the human ear are of maximum sensi¬ 
bility. Extraneous currents of frequencies approaching the 
average voice frequency have a more injurious effect upon 
telephone conversation than currents of lower frequencies. 

2. The effect of induction of the fundamental frequency on 
telephone circuits is comparatively unimportant unless it is of 
magnitude sufficient to constitute a physical hazard. (See Appen 
dixl). 

This is due to the fact that the fundamental approaches the 
lower limit of audible frequencies, at which the telephone and 
the human ear are not efficiently responsive. 

3. Interference to telegraph and other signaling circuits is due 
principally to the fundamental and lower harmonics. (See Appen¬ 
dix I ). 

Telegraph receiving instruments are relatively insensitive, 
as compared with the telephone, to the higher harmonics, but 
are sensitive to disturbances of lower frequencies, such as the 
fundamental and lower harmonics which more nearly approach 
the normal operating frequency of such circuits. 

4. The power circuit currents and voltages may be divided 
into tivo factors: balanced and residual, of which , for equal magni¬ 
tudes y the latter in general produce the greater inductive inter¬ 
ference. (See A ppendix II ). 

Residual currents and voltages act inductively in a similar 
manner to single-phase currents and voltages acting in a circuit 
composed of the line conductors in parallel with earth return, 
which is a condition favorable to very large induction. More¬ 
over, such a circuit which includes the earth as one side cannot 
be transposed. Transpositions in the power circuit cannot 
reduce the inductive effect of residuals except as they reduce 
the magnitudes of the residuals themselves, which they do in 
some cases. The inductive interference arising from such 
currents and voltages can be reduced only in the case of metallic 
circuits such as telephone circuits, by transposing these circuits. 
It is theiefore important that the telephone circuits be trans- 
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posed at frequent intervals throughout parallels and carefully 
balanced throughout their entire length and that the residual 
currents and voltages be kept sufficiently small to give negli¬ 
gible induction in telephone circuits so arranged. 

5. Inductive interference to communication circuits , arising 
from the balanced voltages and currents , can in a large measure 
be prevented by means of an adequate. system of transpositions 
applied to both power and communication circuits (<assuming the 
latter are metallic) and located with due regard to each other. 

This is accomplished partly by creating mutually neutral¬ 
izing inductive effects in neighboring lengths of each side of 
the communication circuit or circuits by transposing the power 
circuit, and partly by equalizing the inductive effects on the two 
sides of the communication circuit or circuits by exposing each 
side equally to the influence of the power circuit by transposing 
the communication circuit. 

6. Abnormal conditions and at times switching operations 
produce transient disturbances of a very severe character. 

This is due to the fact that abnormal conditions almost 
invariably give rise to residuals of large magnitude, often in¬ 
cluding high harmonics. Abnormal occurrences incident to 
electrical power transmission do not give warning of their 
occurrence, and since they cannot be produced artificially on 
transmission systems without subjecting the apparatus to great 
risk or danger, it has been deemed unwise to attempt any 
experimental tests of these effects. This conclusion is there¬ 
fore drawn from general experience and data of actual occurr¬ 
ences collected by the Committee. 

Rules Recommended by the Committee 

The following are the rules which the Committee, as the 
result of its study to date, recommends be issued at this time to 
govern the future construction and operation of power and 
communication circuits which are or are proposed to be so located 
as to create a parallel as hereinafter defined. 


Outline of Rules 

Definitions. 

a. Power Circuit 

b. Communication Circuit 

c. Telephone Circuit 

d. Line. 

e. Parallel or Parallelism 
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f. Residual Current 

g. Residual Voltage 

h. Transposition. 

I. Avoidance of Parallelism 

II. Conditions under which Parallelism will be Permitted. 

a. Minimum Horizontal Separation 

b. Balance of Power System 

c. Limitation of Residual Currents and Voltages 

d. Transpositions Inside Limits of Parallel 

e. Transpositions Outside Limits of Parallel 

f. Uniformity of Parallel 

g. Transformer Connections 

h. Switch Equipment 

i. Switching 

j. Use of Air Switches 

k. Abnormal Conditions 

1* Devices for Indicating Abnormal Conditions on Systems Isolated 
from Ground. 

m. Procedure under Abnormal Conditions 

n. Ammeters in Neutral Ground Connections 

o. Charging Electrolytic Lightning Arresters 

p. Wave Form of Rotating Machines 

q. Exciting Current of Transformers. 

III. Provisions Applying to Existing Parallels 

IV. Waiver of Conditions by Communication Company 

V. Parallelism with Alternating-Current Railways. 

Definitions 

The following definitions are given of certain technical terms 
employed herein: 

a. Power Circuit. The term “ power circuit” includes any overhead 
constant-potential alternating-current power transmission or distribution 
circuit or electrically connected network which has a voltage of five thous¬ 
and volts or more between any two conductors or of three thousand volts 
or more between any conductor and ground. 

b. Communication Circuit. The term “communication circuit” 
includes any overhead, ■ open wire telephone, telegraph, or signaling cir¬ 
cuit which is used in the service of the public. 

c. Telephone Circuit. The term “ telephone circuit ” includes any 
inter-exchange metallic telephone circuit, and therefore excludes sub¬ 
scriber’s circuits. This term also includes any metallic telephone circuit 
operated by any railroad or other company for dispatching purposes or for 
public use between separate communities. 

d. Line. The term “ line ” means any circuit or aggregation of cir¬ 
cuits carried qn poles or towers. 

e. Parallel or Parallelism. The terms “ parallel ” or “ parallelism ” 
refer to cases where a power line and a communication line follow sub¬ 
stantially the same course, or are otherwise in proximity for a sufficient 
distance, so that the power circuit is liable to create inductive interference 
in the communication circuits. 
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matter shall be referred to the Railroad Commission of the State 
of California. 

d. Transpositions Inside Limits of Parallel. An adequate 
system of transpositions shall be installed in the power circuit 
(or circuits), and in the communication circuit (or circuits) 
provided the latter is metallic. When both circuits are trans¬ 
posed the transpositions in both the communication and power 
circuits shall be located with due regard to each other. 

Every reasonable effort shall be made by both parties con¬ 
cerned to fix the limits of the parallel and the location of cross¬ 
ings, branch lines, and connected apparatus so as to facilitate 
the application of an effective transposition scheme. 

In the case of a parallel between a power line and a telephone 
line the company owning or operating the telephone line invol¬ 
ved shall have the right to specify the number, type (in respect 
to electrical characteristics) and location of the transpositions 
in the power circuit, subject to the following limitations: 

1. For power circuits of 50,000 volts or over, the average distance be¬ 
tween successive transpositions shall not be required to be less than one 
mile and the minimum distance between any two successive transposi¬ 
tions shall not be required to be less than two-thirds of a mile. 

2. For power circuits of less than 50,000 volts the distance between 
successive transpositions shall not be required to be less than one-sixth 
mile. 

The transposition system of the telephone circuits shall be 
modified where necessary in order that the power and telephone 
circuits shall be, as nearly as practicable, mutually non-inductive. 

For short parallels less than six miles in length (or short 
sections of longer parallels which have to be treated independ¬ 
ently because of abrupt change in conditions) with power circuits 
of 50,000 volts or over, where it is impracticable to obtain an 
adequate balance by the location of transpositions in accordance 
with the limit specified above, the company owning or operating 
the telephone line involved shall have the right to specify the 
number, type and location of transpositions provided the dis¬ 
tance specified between successive transpositions is not less 
than one-half mile. 

When necessary (due to variations in lengths of telephone 
transposition sections) in order to secure an adequate balance, 
a reduction of 10 per cent in the limiting distances between succes¬ 
sive power circuit transpositions as given above, shall be allowed. 

In the case of a parallel between a power line and a tele- 
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graph line or other grounded communication circuit, the location 
of the transpositions in the power line shall be with due regard, 
to the limits of the parallel in order to form as nearly as practi¬ 
cable a balanced system. The location and type of .such trans¬ 
positions shall be as specified by the communication company, 
subject to the condition that the transpositions in the power 
circuit may not be required to be less than one mile apart. 

In no case shall the power company be required to relocate 
poles or towers for the transpositions. 

The parties concerned in any proposed parallel shall endeavor 
to agree upon a transposition scheme for such parallel in ac¬ 
cordance with the above. In the event of a disagreement, 
the matter shall be referred to the Railroad Commission of the 
State of California. 

e. Transpositions Outside Limits of Parallel. In addition 
to transpositions within the limits of a parallel, as provided in 
“d” hereof, each new power circuit isolated from ground (or 
extension of such existing circuit) which is constructed subse¬ 
quent to the date when these rules become effective, shall be 
transposed throughout its entire length in such manner as to 
balance the electrostatic capacities to earth of its several con¬ 
ductors, so as to avoid inequalities among the voltages to earth 
of the several conductors, which would create inductive inter¬ 
ference. Such transpositions shall not be more than eight 
miles apart, provided however, that circuits less than three 
miles in length are not required to be transposed until they are 
extended to a greater length; except that extensions or spurs 
from existing lines, the electrostatic capacities to earth of whose 
conductors are balanced, shall be so constructed as not to 
change materially the balance of the existing lines to which they 
ate connected. 

f. Uniformity of Parallel. To facilitate the application of 
effective transpositions, both parties shall endeavor to maintain 
uniform separation, uniform arrangement of conductors and 
uniform relative location of the two classes of circuits within 
the limits of. a parallel. However, when it is feasible to secure 
a substantial increase of separation between the two lines for a 
considerable portion of a parallel, this shall be done, as such an 
increase of separation is of more benefit than uniformity. 

g. Transformer Connections. (1) On any power circuit in¬ 
volved in a parallel, no grounded single-phase, or grounded 
•opem§tar transformer connections shall be employed. 
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Note: This does not apply to railroads operating alternating-current 
trolleys with ground return, which are covered by V. 

(2) On a power circuit involved in a parallel, no star-con¬ 
nected transformers or auto-transformers with, grounded neutral 
shall be employed,.unless .delta-connected secondary or tertiary 
windings or other equivalent means are used of suppressing 
the third harmonic components of the residual voltages and 
currents introduced by the transformers. 

(3) Where single-phase loads are connected to a polyphase 
power circuit involved in a parallel, the power company shall 
endeavor to arrange successive connections of this type so as to 
equalize the loads upon the several phases. 

(4) On a three-phase circuit involved in a parallel, the power 
company shall use, wherever practicable, a closed-delta con¬ 
nection in preference to an open-delta connection, and where 
the latter is employed an effort shall be made to distribute such 
connections equally upon the several phases. 

h. Switch Equipment. A power circuit involved in a parallel 
shall be equipped, between the source of supply and the parallel, 
with oil switches, all poles of which shall be mechanically inter¬ 
connected for simultaneous action. With the exception of 
stations where an operator is constantly on duty, these switches 
shall be rendered automatic for. short-circuits, grounds, and 
abnormal neutral currents. 

i. Switching. All switching on all parts of a system con¬ 
nected to a circuit involved in a parallel, which causes harmful 
transient disturbances in communication circuits, shall be done 
by means of oil switches, all poles of which are mechanically 
interconnected for simultaneous operation. 

j. Use of Air Switches. The use of air switches, on a power 
circuit involved in a parallel, is prohibited except for purposes 
of isolating sections of dead line, or for disconnecting trans¬ 
formers under no load. This applies to the entire power system, 
any circuit of which is involved in a parallel, unless such switch¬ 
ing is so remote as not to cause harmful transient disturbances 
in the communication circuits. 

k. Abnormal Condition. A power circuit involved in a 
parallel shall not be operated at any time with an open, grounded 
or short-circuited line wire or wires or transformer winding. 

l. Devices for Indicating Abnormal Conditions on Systems 
Isolated from Ground. If a power circuit involved in a parallel 
is electrically isolated from ground, reliable indicating devices 
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shall be installed at its source of supply to inform the operator 
immediately of abnormal conditions, such as grounds and where- 
ever possible, open circuits, which have not operated automatic 
switches. Upon indication of trouble by such devices, the 
operator shall immediately open the oil switches and proceed 
in the manner outlined in “m”. 

m. Procedure under Abnormal Conditions, In case of the 
opening of an oil switch due to an- abnormal condition in a 
power circuit involved in a parallel, or any circuit supplying 
or supplied by the same, such switch may be closed once; if 
opened a second time due to the continuance of the fault or ab¬ 
normal condition, said switch shall not be closed again until the 
line has been sectionalized. The fault may then be located by 
energizing sections of line, provided that further sectionaliza- 
tion of the line be .done in such sequence as to cause the mini¬ 
mum disturbance to parallel communication circuits, and pro¬ 
vided further that where practicable the faulty section of line 
shall be energized but once in this process of sectionalization, 
where the fault exists within or beyond the parallel, until such 
fault is remedied. 

n. Ammeters in Neutral Ground Connections. Wherever a 
neutral ground connection is employed on a circuit involved in 
a parallel, an ammeter, suitable for measuring as accurately 
as practicable the current in the neutral under normal operating 
conditions, shall be installed in all neutral connections at the 
main generating and substations on the power system elec¬ 
trically connected to the circuit involved in the parallel. The 
power company shall maintain a record of hourly measure¬ 
ments of the neutral current at all such points. 

o. Charging Electrolytic Lightning Arresters. Where a power 
system is equipped with electrolytic lightning arresters so charged 
as to cause inductive interference in communication circuits 
the method of charging the arresters shall be modified to eliminate 
the disturbances as far as possible. The charging of such light¬ 
ning arresters shall be done at such time as to give the minimum 
liability of interference with communication circuit operation, 
preferably between the hours of 2 a.m. and 4 a.m. 

p. Wave Form of Rotating Machines. The power company 
shall make every effort to obtain generators and synchronous 
motors for use on all parts of the system, giving, as nearly as 
reasonably possible, pure sine waves of voltage at fundamental 
frequency. In no case shall the deviation from a pure sine 
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wave exceed the limit set forth in the Standardization Rules 
of the American Institute of Electrical Engineers. 

q. Exciting Current of Transformers. In order that the 
wave shapes of voltage and current may be distorted as little 
as practicable by transformers, the main line transformers 
employed on circuits involved in a parallel and on future ex¬ 
tensions of such circuits shall have an exciting current as low 
as is consistent with good practise, and in no case shall the 
exciting current at rated voltage exceed ten per cent of the full 
load current. Such transformers shall not be operated at more 
than ten per cent above their rated voltage. 

III. Provisions Applying to Existing Parallels 

The following sections of II shall apply also to power circuits 
involved in existing parallels; b, i, j, k, 1, m, n, o, p, and q. 
Also g-3 and g-4 shall apply to existing parallels to the extent 
that transformers added hereafter shall be connected as pro¬ 
vided in said rules. 

IV. Waiver of Conditions by Comnmnicatio?i Company 

At the option of the company operating the communication 
circuit or circuits any of the provisions of II and III may be 
waived. 

V. Parallelism with Alternating-Cur rent Railways 

It is recognized that railroads operating alternating-current 
trolleys with ground return create serious inductive interference 
with parallel communication circuits. In the present state of 
the art, no means for completely overcoming inductive inter¬ 
ference from such parallels is known,- hence, they are to be 
avoided if possible and where unavoidable, the responsibilities 
arising therefrom must be settled by mutual agreement or in 
case of inability to agree the matter shall be referred to the 
Railroad Commission of the State of California. 

Discussion of Rules 

It will be noted from the definitions that the terms ‘ 'power 
circuit” and 1 'telephone circuit” are used in these rules in a 
special, restricted sense. 

(I) The first and most obvious means of preventing inductive 
interference is to avoid the close association of power and com¬ 
munication circuits. Further, it is recognized that in no other 
way can complete freedom from interference be secured. While 
with the ever increasing network of electrical circuits of all 
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Lxids, adequate separation to avoid interference is becoming 
tcreasingly difficult to maintain, the Committee feels that the 
importance of such separation justifies its being made the first 
remise in rules designed to prevent inductive interference. 

Notice, sufficiently in advance, should be given the other 
arty or parties concerned in any proposed parallel in order 
lat thorough consideration may be given by both parties to 
ossible means of avoiding the parallel, or, in case the parallel 
ixinot be avoided, to the necessary remedial measures to be 
nployed. 

(Il-a) The best insurance against physical hazard in cases 
: close proximity is to maintain a separation equal to the height 
: the taller line, thus avoiding the possibility of physical con- 
LCt in case of failure. In the case of crossings and unavoidable 
ises of close proximity for short distances extra-strength con¬ 
nection is necessary as a precaution against failure. 

(II-b-c) As has been pointed out under the heading 1 'Results 
ccomplished’h and more fully explained in Appendix II, 
;sidual voltages and currents are particularly troublesome 
.ctors in causing interference. Means to eliminate or reduce 
Lch residuals in power systems are highly important and while 
.formation at this time does not enable the Committee to form- 
a/te as explicit a rule as is desirable, yet the importance of the 
rbject justifies its inclusion in the rules. The acquisition of 
.rther information on which to base a more explicit rule upon 
Lis subject is a most important problem, the experimental 
indy of which is discussed in the following section of this report. 

(Il-d) Transpositions properly located in both ’power and 
>mmunication circuits offer the most reliable and effective 
eans for preventing interference from balanced voltages and 
Lrrents of power circuits. While the inductive effects increase 
severity for the higher voltage circuits, due in part to the in- 
eased separation of the line conductors, which renders more 
squent transpositions desirable, the mechanical difficulties 
volved are so great as to over balance the other reasons and 
.e rules, therefore, provide for less frequent transpositions in 
e higher voltage circuits than in the lower voltage circuits, 
further reason for frequent transpositions in the lower volt- 
circuits is the necessity of a flexible system of transpositions 
)plicable to short parallels which generally occur with such 
rcuits. 

(Il-e) The provision requiring transpositions outside the 
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limits of a parallel on systems electrically isolated from ground 
is an explicit measure for carrying out the purpose of the more 
general provision given under II-b-c, “Balance of Power Sys¬ 
tem” and “Limitation of Residual Voltages and Currents.” 

(Il-f) Non-uniformity of separation and type of construction 
within the limts of a parallel are inequalities which cannot in 
many cases be taken into account in the design and layout of 
transposition schemes. Such inequalities tend to nullify the 
effectiveness of the transpositions; hence, it is desirable that 
they be avoided. A precautionary statement is included in 
the rule in order that the possibility of securing a wide separa¬ 
tion for a considerable portion of a parallel may not be sacri¬ 
ficed for the sake of absolute uniformity throughout the entire 
length. 

(Il-g) Some types of transformer connections and methods 
of operation give rise to large residual voltages and currents and 
certain provisions of the rules are designed to prohibit or restrict 
the use of such connections and methods of operation. These 
rules may be considered as explicit provisions complying with 
the general provision in II-b-c, “Balance of Power System” 
and “Limitation of Residual Voltages and Currents”. The 
sufficiency of these specific provisions as an insurance against 
harmful residual voltages and currents is subject to future de¬ 
termination. 

The present information of the Committee does not warrant 
the definite recommendation of any one type of connection or 
method of operation as best from the standpoint of inductive 
interference. This is true as to the relative merits of the two 
general types of systems, the grounded neutral and the isolated 
system. The advantages and disadvantages of these general 
types and any modifications of these types are dependent upon 
their inherent characteristics in respect to residuals and the 
limitations and control of residuals under -both normal and 
abnormal conditions. Both types are on an equality with 
respect to the interference caused by balanced voltages and 
currents. 

(Il-k) Continued operation under certain abnormal condi¬ 
tions is possible in some power systems. In particular, it is 
possible to operate a grounded star-connected system with one 
phase open, and it is possible to continue the operation of an 
isolated system when one phase becomes grounded accidentally. 
The former gives rise to a large residual current and the latter to 
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a large residual voltage, both of which are liable to render parallel 
communication circuits inoperative. For these reasons the 
rule prohibits such operation, which, aside from the considera¬ 
tion of inductive interference, does not constitute good practise 
in power system operation. 

(II-h-1-n) To provide that operation under the abnormal 
conditions mentioned above may not continue without the 
knowledge of the power company, the rules specify that devices 
for indicating grounds shall be installed on isolated systems. 
With respect to grounded star-connected systems, the rules 
specify with certain exceptions the automatic opening of switches 
by abnormal neutral currents. In such systems ammeters are 
required in all main neutral ground connections. Such am¬ 
meters, read regularly, afford means of detecting abnormal 
neutral currents and are of value in showing the degree of 
balance of the system, as the neutral current is easily affected 
by unbalanced conditions. 

(Il-m) Accidental causes give rise to occasional abnormal 
conditions. These can only be guarded against by good con¬ 
struction and maintenance, and careful operation which, how¬ 
ever, cannot prevent entirely such occurrences. When trouble 
develops on a power circuit involved in a parallel, it is always 
liable to cause serious interference to the communication cir¬ 
cuits, if the exposure is severe. In the present state of the art, 
the method of fault location on power circuits is a process of 
repeated sectionalization and energization of the faulty line 
until the fault is located within certain limits. This process 
causes repeated interruptions with loss of time in the operation 
of the communication circuits, and in the case of telephone 
circuits is accompanied sometimes by injury to the operators. 
It should be explained that the loss of time is much greater than 
the duration of the disturbance, owing to the time required to 
restore the protective devices on the communication circuits to 
their normal condition. No method of locating faults on power 
circuits is known which meets the requirements of practise and 
yet avoids the disadvantages of the present method. The 
inductive disturbances due to fault location can be to a con¬ 
siderable degree ameliorated by disconnecting the faulty line 
from the rest of the system and energizing this line by a single 
generator at such excitation as may be necessary to overcome 
the insulation of the fault. Whenever practicable this method 
is employed by power companies; hence, it has not been thought 
necessary to cover it by a specific rule. 
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In view of these facts, the Committee is recommending the 
limitation of the present practice in this regard so as to avoid, 
as far as seems practicable, the repeated interruptions to com¬ 
munication circuit operation. It is highly desirable that some 
better method of fault location be developed, not only because 
of the attendant consequences of the present method on com¬ 
munication circuits, but also because of the abnormal strains 
to which the power apparatus is necessarily subjected. 

(II-h-i-j) Normal switching operations on power circuits 
produce at times severe transient disturbances in parallel com¬ 
munication circuits. The commonly recognized fact that oil 
switches produce less severe transient disturbances in power 
circuits, affords the basis for the provisions in the rules dealing 
with switches and switching. The automatic features icquired 
are designed to prevent continued operation under abnormal 

conditions. 

(II-o) Transient disturbances of* severe nature to telephone 
circuits are sometimes caused by the charging of electrolytic 
lightning arresters. There are available methods of diminish¬ 
ing the transients due to this cause, and a general provision to 
the effect that such methods shall be employed when necessary, 
is included in this rule. It is further provided that the charg¬ 
ing of the arresters should be done at times when the telephone 

circuits are least used. 

(II-p-q) Fundamentally, interference to telephone circuits 
hy power circuits in normal operation is largely due to the exis¬ 
tence of harmonics in the currents and voltages. "While the 
complete elimination of these harmonics seems impracticable, 
still beneficial results may be obtained by practical efforts in this 
direction and the Committee feels that the two general pro¬ 
visions as to the wave form of rotating machines and the excit¬ 
ing current of transformers are of great importance both from 
a practical standpoint and also as enunciating a general prin¬ 
ciple. The matter of generator wave form particularly is of 
importance for all types of systems. The provision with 
reference to the exciting current of transformers, while desir¬ 
able in all cases, is particularly so on grounded star-connected 

systems. 

(Ill) Certain of the measures in II, particularly those referring 
to power system operation, which are helpful in mitigating 
inductive interference, have been recommended to apply to 
existing parallels. 
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(IV) Since these rules are designed for the protection of 
communication circuits, it is proper that the companies opera¬ 
ting such circuits be given the right to waive any measures of 
protection which they may in any particular case consider un¬ 
necessary. 

(V) The Committee has undertaken no investigation of cases 
of parallelism with alternating-current railways, but as the 
seriousness of this class of exposure is recognized, it was thought 
desirable that it be referred to specifically. 

Future Work 

The further work necessary in order to secure the information 
essential as a basis of determining more explicit and effective 
rules than those herein recommended, is particularly concern¬ 
ed with the subjects of transpositions and residual voltages and 
currents. In order to cover these subjects in as effective and 
economical a manner as possible it is thought that the procedure 
should be along the following lines: 

1. Experimental study of transpositions, which includes the 
determination of: 

a—the practical effectiveness of transpositions in both power and com¬ 
munication circuits as a means of reducing induction arising from balanced 
voltages and currents; involving considerations of different coordinated 
transposition schemes, particularly with different lengths of power circuit 
“barrels.” * 

b—the practical effectiveness of transpositions in communication 
circuits as a means of reducing inductive interference arising from resid¬ 
ual voltages and currents; involving considerations of different systems, 
particularly different lengths of balanced communication circuit transposi¬ 
tion sections. 

c—the influence of imperfect electrical balance of communication cir¬ 
cuits in impairing the effectiveness of transpositions. 

d—the practical effectiveness of transpositions in a power circuit 
isolated from ground as a means of balancing the electrostatic capacities 
to earth of the several conductors, and thereby reducing residual voltages 
and currents; involving considerations of the relative efficiency of different 
lengths of power circuit barrels. 

2. Experimental study of the causes and effects of residuals, 
including: 

a—a comparison of the different types of power system connection and 
apparatus in common use and their characteristics in respect to the pro¬ 
duction of residuals, particularly harmonic residuals. 

b—means to be employed in limiting residual voltages and currents. 

c—a determination of the minimum values of residual voltages and 
currents which will produce harmful inductive interference. 


*See Appendix III, page 1474. 
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It is thought that these two studies could progress simultan¬ 
eously. The work indicated under (1) could best be done on 
an actual parallel selected to be as uniform and as free from 
secondary disturbances as possible. Some preliminary work 
has been done along these lines which indicates the best methods 
of procedure and this should facilitate the carrying out of the 

investigation. . . 

The study mentioned under (2) consists in part of an in¬ 
vestigation of the characteristics and magnitude of residual volt¬ 
ages and currents in typical power systems, both those with 
grounded neutrals and systems entirely isolated from ground. 

A part of the study of residuals is logically related to the study 
of transpositions and could be carried out in connection with 
the study outlined under (1) and at the same time and place. 

In addition to the above the Committee has already arranged 
for the investigation of the two following subjects: 

1— a determination of the detrimental effect of extraneous currents 
on a telephone circuit as a function of the frequency, including, a determina¬ 
tion of the maximum amount of extraneous current, of different frequen¬ 
cies and combinations of frequencies, which is allowable in a commercia 

telephone circuit. ' 

2— a determination of the effects of extraneous current of aifterent 

amounts and characteristics, in limiting the speed of telegraph operation. 

This work is now in progress. 

APPENDIX I 

Harmonics 

Any complex electrical wave of periodic structure may be 
resolved into component sine waves of suitable amplitudes and 
phase differences, having frequencies which are in integral 
relation to the fundamental frequency. The simple sine wave 
of lowest frequency is termed the fundamental, and those of 
higher frequency are termed harmonics of the fundamental 
wave. The fundamental may be considered the first harmonic. 
The analysis of a periodic wave into its constituent sine waves 
or harmonics is not merely a mathematical conception or process 
but is in accordance with the facts of electricity and acoustics. 

In general, alternating-current systems, by virtue of their 
inherent characteristics, do not permit the existence of har 
monies other than odd integral multiples of the fundamental 
frequency, i.e„ 3rd, 5th, 7th, 9th, 11th, etc., harmonics. Such 
harmonics may exist in either or both the current and voltage 
waves of a power system. 
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Commercial frequencies of power transmission in California 
are 25, 50 and 60 cycles per second. The power systems, so 
far investigated, operate at a fundamental frequency of 60 
cycles per second. The investigation has shown harmonic 
currents and voltages of appreciable magnitude up to the 35th 
harmonic. On one system the 23rd (corresponding to a fre¬ 
quency of 1380 cycles per second) has been found to be prom¬ 
inent. Induced currents and voltages in parallel communica¬ 
tion circuits have been observed corresponding to these harmonics. 

The detrimental effect of the induced voltages and currents 
in parallel communication circuits depends, in general, upon 
their magnitude and upon the frequency of the induction as 
compared with the operating frequency of the communication 
circuit. The presence of extraneous current of a frequency 
approaching that of normal operating frequency of the com¬ 
munication circuit has a more injurious effect than the same 
amount of current of a frequency far removed from the opera¬ 
ting frequency of the circuit. 

The frequency of the voice currents flowing in a telephone 
circuit ranges from about 200 cycles per second up to possibly 
2000 cycles per second. The average voice frequency is con¬ 
sidered to be approximately 800 cycles per second, and at about 
this frequency the telephone receiver is most sensitive. It is 
on account of these considerations that extraneous currents of 
the higher frequencies, arising from the harmonics of a power 
system, are relatively more detrimental to telephone service. 
The harmonics of the power systems have been found to be re¬ 
sponsible for the greater portion of the inductive interference 
to telephone service, under normal operating conditions of 
parallel power circuits. Any extraneous current of a frequency 
within the audible range produces a disturbance which impairs 
the efficiency of a telephone circuit. The combined effects of 
all extraneous currents present, of frequencies within the range 
of audition, constitute the humming “noise” heard in the re¬ 
ceiver of a telephone circuit which is subject to induction. 

The effect of currents of the fundamental frequency (60 
cycles or less) on telephone circuits is .relatively unimportant 
as compared to that of higher harmonics, owing to the fact that 
the fundamental approaches the lower limit of audible fre¬ 
quencies. However, if the induction due to the fundamental 
becomes sufficiently great, constituting a physical hazard, or 
of such magnitude as to operate the protective devices on the 
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telephone circuits or interfere with superimposed telegraph 
service or other grounded signaling devices, it is then of great 
importance from the standpoint of interference. 

In regard to the effect of extraneous currents on the opera¬ 
tion of telegraph circuits, for reasons analogous to those given 
above, such circuits are relatively more affected by extraneous 
currents of fundamental frequency or of the frequencies cor¬ 
responding to the lower harmonics such as the 3rd and 5th. 

At the present time the American Telephone and Telegraph 
Company is undertaking, on behalf of the Joint Committee on 
Inductive Interference, an extensive series of tests in regard to 
the detrimental effect of extraneous currents of various fre¬ 
quencies on the intelligibility of telephone conversation. In 
addition, this company, in conjunction with the Western Union 
Telegraph Company and the Postal Telegraph Cable Company, 
is undertaking an investigation of the effect of extraneous cur¬ 
rents on the operation of telegraph circuits and apparatus of 
different types. 

Harmonic currents and voltages in power circuits arise from 
many causes. Generators or other rotating machines do not, 
in general, produce pure sine waves of fundamental frequency. 
This is due to several features in the design of the apparatus. 
A certain amount of distortion of wave form, with the conse¬ 
quent introduction of disturbing harmonics, is inherent with 
the use of transformers. This distortion of wave form is due 
to hysteretic action in the iron core of the transformer. The 
distortion varies in character and magnitude with the satura¬ 
tion and characteristics of the iron employed. Certain con¬ 
nections of transformers are possible which will suppress the third 
harmonic and its multiple in a three-phase power system. The 
fact that practically all inductive interference to telephone cir¬ 
cuits is due to the harmonic currents and voltages, renders it 
important that an effort be made to obtain rotating machinery 
for use in power systems which produces as nearly as is reason¬ 
ably possible pure sine waves of fundamental frequency, and 
also that an effort be made to obtain transformers and to arrange 
connections of the same in such a manner as to reduce as far as 
practicable the distortion of wave form. 
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APPENDIX II 

Balanced and Residual Voltages and Currents 

This appendix comprises the four following sections: 

1. Analysis of Voltages and Currents and Discussion of the 
Effects of their Components. 

2. Causes of Residual Voltages and Currents. 

3. Means for Preventing or Reducing Residual Voltages 
and Currents. 

4. Discussion of Tests. 

1. Analysis of Voltages and Currents and Discussion of the 
Effects of their Components 

To facilitate the analysis of inductive effects in parallel com¬ 
munication circuits, arising from a power circuit, the voltages 
and currents of the power circuits can be conveniently regarded 
as consisting of components which exhibit distinct character¬ 
istics and which may be treated separately. 

Considering a three-phase circuit having equal voltages 
between any two conductors, the voltages to ground from the 
conductors can be resolved into two sets of components, balanced 
components and residual components. Since the voltages 
between any two conductors are equal, the voltages between 
the conductors may be graphically represented by three vectors 
forming an equilateral triangle. The potential of the ground 
may be represented by a point which may be inside or outside 
of the triangle, depending on the magnitude and character of 
the residual voltage, and the actual voltages to ground from 
the conductors may be represented by three vectors drawn 
between the point representing the ground potential and the 
comers of the triangle. The balanced components of the volt¬ 
ages to ground from the conductors consist of three equal volt¬ 
ages whose vector sum is zero and which are therefore displaced 
one-third cycle in time phase with respect to one another. 
These balanced components may be represented by three vectors 
drawn from the center of the equilateral triangle to the corners. 
The residual components of the voltages to ground from the 
conductors consist of three equal voltages which are in phase 
with one another and which may be represented by three ident¬ 
ical vectors drawn from the point representing the ground poten¬ 
tial to the center of the equilateral triangle. If the residual 
voltage is zero the point representing the ground potential will 
be at the center of the triangle. The residual voltage of the 
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system is defined as the vector sum of the voltages of the three 
conductors to ground. It is therefore, by definition, three times 
the residual voltage of the individual conductors, or three times 
the equivalent single-phase voltage of the three conductors in 
parallel with respect to the earth. It should be noted that the 
inductive effect of the residual voltage is equal to that of a single¬ 
phase voltage between ground and the three conductors in parallel 
equal to the residual voltage of the individual conductors or to 
one-third the residual voltage of the system. 

If one conductor is grounded the residual components (assum¬ 
ing the voltages between wires remain unchanged) will each 
equal the voltage between conductors divided by the square 
root of three, and the residual voltage of the system will be 
equal to the voltage between conductors multiplied by the 
square root of three. 

If a power circuit consists of a single conductor with ground 
return, the residual voltage will be equal to the voltage from 
the conductor to ground. 

The currents flowing in the three wires of a three-phase, 
three-wire circuit can be considered to be composed of three 
sets of currents; namely, (1) balanced components consisting 
of equal currents in each of the three line wires whose vector 
sum is zero, and which are, therefore, displaced one-third cycle 
in time phase with respect to one another; (2) a single-phase 
current flowing in a loop composed of two of the line wires; 
(3) a residual current divided equally between the three line 
wires and returning through the earth. The residual current 
of the three-phase circuit is defined as the vector sum of the 
three line currents. It is, therefore, the equivalent of a single¬ 
phase current through the three line conductors in parallel, 
with the earth completing the circuit. 

In the case of a power circuit consisting of a single conductor 
with a ground return the entire current flowing in the conductor 
is residual. 

In the above discussion, reference is made to three-p ha se, 
three-wire power circuits, but the analysis there given may be 
generalized so as to apply to a power system of any number of 
phases. Most electrical power transmission systems are of the 
three-phase, three-wire type and subsequent statements will 
apply particularly to such systems, unless otherwise stated. 

At a point in the vicinity of a power circuit, such as might 
represent the location of an element of a communication circuit 
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conductor, the resultant electromagnetic field due to the balanced 
currents would be zero if the power circuit conductors were 
equidistant from the point (disregarding the effect of the 
earth). In.general, the power circuit conductors are not exactly 
equidistant from such point, and therefore the resultant electro¬ 
magnetic field due to balanced currents is not zero. For this 
reason, the balanced currents in the power circuit have unequal 
effects on the communication circuit, hence there is a resultant 
induction. For residuals, there is, in general, a much greater 
inequality in the distances between the affected conductors 
(or circuits) and the sides of the residual circuit (power con¬ 
ductors in parallel one side, earth other side) than in the dis¬ 
tances to the several power conductors, which constitute the 
circuit for the balanced components. Thus the resultant elec¬ 
tromagnetic field due to residual currents is large in comparison 
with the field set up by balanced currents of the same magnitude. 
It may be noted that the electromagnetic forces at any point due 
to residual currents in the different power conductors are in 
the same time phase, hence the inductive effects of all the 
residual components are cumulative and not differential as in 
the c#se of the balanced components. 

In a similar way it may be shown that residual voltages pro¬ 
duce proportionately far greater inductive effects than balanced 
voltages. 

Computations based on the physical characteristics of two of 
the parallels investigated show that, for an exposure near 
Salinas for eight miles with a 55,000-volt line on the opposite 
side of the county road from a communication line, one ampere 
of residual current produces as much induction in a ground return 
communication circuit as would forty amperes of balanced 
current; and one volt residual produces as much induction as 
one hundred and ten volts balanced. Similar computations 
based on the physical characteristics of an exposure between 
Santa Cruz and Watsonville, where the communication circuits 
are paralleled for seventeen miles by a 22,000-volt line on the 
opposite side of the county road, show that one ampere residual 
produces as much induction in a ground return communication 
circuit as would two hundred and forty amperes of balanced 
current; and one volt residual produces as much induction as 
twenty-five volts balanced. All of the above comparative 
values are for current and voltages of 60 cycles frequency. 

The above values illustrate the relative induction-producing 
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powers of balanced and residual currents and voltages in two 
specific cases. Such values will vary considerably for different 
parallels, but these cited may be taken, in a general way, as 
indicative of the relative severity of the effects on a single con¬ 
ductor produced by these two factors. Such values for a unit 
length of non-transposed circuit in any given parallel, are 
dependent upon the separation, height, and configuration of 
the conductors of the two classes of circuits, and upon the 
character and condition of the ground and neighboring objects. 
For the entire parallel, or total length of exposure, these values 
are further dependent upon transpositions. The actual amount 
of induction arising from each of the two components depends 
also upon the actual magnitudes and the frequencies of the 
components in the power circuit. 

It will be shown in Appendix III that inductive interference 
arising from balanced currents and voltages can be reduced by 
proper transpositions in the power circuit, but that power circuit 
transpositions do not reduce the inductive interference produced 
in a parallel communication circuit by residuals. Residual 
currents and voltages act inductively to produce the same effects 
as a single-phase grounded circuit operating -with the three line 
conductors in parallel. This generally represents the 'worst 
possible condition from the standpoint of inductive interference. 
Transposing the conductors of the power circuit cannot reduce 
the inductive interference arising from residuals, except in so 
far as the magnitude of the residual voltages and currents is 
reduced by such transpositions.' The effect of power circuit 
transpositions on the magnitude of these components is dis¬ 
cussed below. 

In the detailed discussion of transpositions in Appendix III 
it is shown that transpositions in a communication circuit can 
reduce the induced voltages from residuals only as between the 
two sides of a metallic circuit. 

In view of the above it is evident that attention must be given 
to the problem of restricting residuals to amounts which do not 
cause material interference either to grounded communication 
circuits or to properly transposed and balanced metallic circuits. 
2. Causes of Residual Volta'ges and Currents 

While a degree of balance of the voltages and currents of the 
power system may be obtained which satisfies all the practical 
demands of power operation, this may not be sufficient to pre¬ 
vent the production of residuals sufficient to cause serious in¬ 
ductive interference to parallel communication circuits. 
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Residual currents and voltages may arise from one or more 
causes which act singly or together. The principal sources of 
residual currents and voltages are: 

1. Unbalanced loads between the three phases and the neutral of a 
grounded star-connected system. 

2. The introduction of the third harmonic and its odd multiples as 
residual current and voltage due to certain apparatus and connections 
employed on a grounded star-connected system. 

3. Unbalanced capacity and leakage between the several phases of the 
system and ground. This applies more particularly to systems isolated 
from ground. 

There are two principal types of commercial three-phase 
power circuits used in California: 

1. The grounded neutral circuit or network in which all important 
generating points have a grounded neutral and in which all or part of the 
receiving points may be connected with a grounded neutral. No resis¬ 
tances are inserted between the neutrals and ground. 

2. The isolated circuit or network which normally has no metallic 
connection to ground at any point. 

The characteristics of the grounded neutral system with 
particular reference to residuals are as follows: 

Under Normal Conditions. 

(a) The impedances between line conductors and ground are 
determined very largely by the load impedances of the trans¬ 
formers. With balanced loads the residual voltage other than 
the third harmonic and its odd multiples may be eliminated. * 

(b) The effect of unbalanced loads on the residual voltage 
is small, as the tendency of generators and transformers is to 
maintain equal voltages between the several conductors and 
ground. 

(c) With balanced loads the residual current, other than the 
third harmonic and its odd multiples, may be eliminated. 

(d) Unbalanced loads between line and neutral cause cor¬ 
responding residual currents, which will be large if the unbalance 
is large, as such unbalanced load currents flow through the neutral 
to earth. 

(e) The varying permeability of the iron in star-connected 
transformers with grounded neutrals introduces the third har¬ 
monic and its odd multiples as residual voltages and currents. 
The use of delta-connected secondary windings reduces this 
effect greatly below that of star to star connections. 

(f) Grounded star-connected generators connected directly 
to the line or through grounded star to star-connected banks of 
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transformers, may introduce the third harmonic and its odd 
multiples as residual voltages and currents. 

Under Abnormal Conditions 

(g) A ground on one phase short-circuits that phase through 
the neutral connection and causes a residual current through¬ 
out the whole length of the circuit, this current being practically 
equal to the short-circuit current to ground on that portion of 
the circuit between the sources of power supplying the fault and 
the point where the circuit is grounded. A large residual voltage 
(approaching as a maximum 58 per cent of the voltage between 
phases) will be created in proximity to the fault, and, if the low- 
tension side of the receiving transformers is star-connected, 
throughout that portion of the circuit between the fault and such 
receiving transformers. If the neutral of the receiving trans¬ 
formers is isolated, the short-circuit current will exist only 
between the source of supply and the fault and there will be no 
residual current between the fault and such receiving transformer. 
•The above-mentioned residual voltage will in this case exist 
not only in proximity to the fault on the supply side but also 
throughout the length of circuit from the fault to the receiving 
transformers. The power circuit is rendered inoperative. 

(h) An open condition of one phase causes a large residual 
current, as the unbalanced load currents of the other two phases 
must flow through the neutral to earth. A large residual volt¬ 
age will exist beyond the fault if the low-tension side of the 
receiving transformers is star-connected. The power circuit 
may not be rendered inoperative for three-phase supply beyond 
the fault, in case the receiving transformers are grounded star- 
delta connected. 

The characterisitics of the isolated system with particular 
reference to residuals are as follows: 

Under Normal Conditions 

(a) The impedances between line conductors and ground are 
determined by the electrostatic capacities and the leakage 
between the several conductors and ground. With balanced 
loads a residual voltage may exist due to unbalanced capacity 
and leakage. Such residual voltage as is due to unbalanced 
capacity may be eliminated by transposing the circuit so as to 
equalize the electrostatic capacities to ground of the several 
phases. If there are single-phase branches making the total 
lengths of the three conductors unequal, this will introduce 
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inequalities among the capacities to ground which it may not be" 
possible to balance by transpositions. Inequalities in capacity 
or leakage result in unequal voltages between the different line 
conductors and ground. 

(b) The effect of unbalanced loads on the residual voltage is 
very slight. 

(c) With balanced loads a small residual current consisting of 
unbalanced charging current may flow., due to non-uniform dis¬ 
tribution of unbalanced capacity and leakage. 

(d) Unb alan ced loads have but a slight effect upon the residual 
current. 

(e) The transformers cannot introduce the third harmonic 
and its odd multiples as residual voltages or currents. 

Note: Due to unsymmetrical three-phase connections sometimes 
employed (such as open-delta and Scott connections) the third harmonic 
and its odd multiples may appear in the voltages between lines and in the 
line currents, creating dissimilarities in the wave forms for the several 
phases. These harmonic components of the line voltages and currents are 
affected by unbalanced capacity and leakage in the same way as any other 
components as may appear in the residuals. It should be noted, however, 
that such harmonics are not impressed directly upon the line as residuals 
as is the case with grounded neutral systems. 

(f) The generators cannot introduce the third harmonic and 
its odd multiples as residual voltages and currents. 

Note: If a two-phase generator containing a third harmonic in its 
voltage wave supplies the line through Scott or other two- to three-phase 
transformer connections the third harmonic will appear in the voltage 
between lines. Subject to the conditions of the circuit as regards capacity 
and leakage balance, this harmonic along with all others may or may not 
appear in the residuals. 

Under Abnormal Conditions 

(g) A ground on one phase causes a large residual voltage 
(173 per cent of the voltage between phases) throughout the entire 
length of the circuit. A residual current will be created in prox¬ 
imity to the fault, its magnitude increasing with the .extent, 
voltage and frequency of the system. The power circuit may 
not be rendered inoperative and the power company operators 
may be unaware of the existence of the abnormal condition. 
In some cases the residual voltage and current are greatly 
augmented by the resonant effects accompanying arcing grounds. 

(h) An open condition of one phase may cause a large residual 
voltage, a certain amount of residual current will flow, due to the 
interchange of unbalanced charging current, between sections 
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of line on either side of the fault. The power circuit is rendered 
inoperative for three-phase supply beyond the fault. 

A consideration of the characteristics of the two types of 
systems indicates that under normal operating conditions, with 
balanced loads upon all phases, the residuals of the grounded 
neutral system may be limited to the third harmonic and its 
odd multiples. The magnitude of these harmonics is dependent 
largely on the type of connection on the low-tension side of the 
transformer banks, the delta being preferable to star connection. 
Under the same condition the residuals of the isolated system 
may be limited to those resulting from unbalanced leakages to 
ground, which should be small on a well-maintained system. 
The effect of an unbalance in the loads connected between con¬ 
ductors upon the residuals of either type of system is small, 
while the effect of an unbalance in the loads connected between 
conductors and ground upon a grounded neutral system is to 
cause a residual current which is proportional to the amount of 
such unbalance, which will be large if the unbalance is severe. 
The residual current due to this cause, consists of the fundamen¬ 
tal and all harmonics present in the line currents, in addition to 
which the third and its odd multiples are introduced as before 
by the varying permeability of the transformer iron, and in some 
cases by the generators. 

Under abnormal conditions both types of systems give rise 
to residuals which are liable to cause interruption and damage to 
parallel communication circuits. The most frequent abnormal 
condition which produces severe interference is an accidental 
ground. A ground on one phase of a grounded star-connected 
system creates a severe and wide-spread electromagnetic un¬ 
balance, giving rise to corresponding inductive effects. This is 
accompanied by an electrostatic unbalance in the vic ini ty 
of such ground. On the lower voltage systems this latter effect 
is relatively of little importance. On the other hand, a ground 
on one phase of an isolated system creates a severe and wide¬ 
spread electromagnetic unbalance, giving rise to corresponding 
inductive effects. This is accompanied by an electromagnetic 
unbalance in the vicinity of the ground. On small low-voltage 
isolated systems, such electromagnetic unbalance is relatively 
of little consequence, but it should be noted that with increased 
voltage and extent of the system such effects do become of 
peat importance, giving rise to electromagnetic disturbances 
in exposed communication circuits in addition to the electro¬ 
static disturbances. 
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The magnitude of the inductive effects from either type of 
system is dependent upon the character of the exposure, extent 
of the power circuit and other factors which render it impossible 
with the information at hand to draw a definite conclusion as to 
the relative total amounts of interference inherent with the two 
types of system. Furthermore, it is not necessarily true, that 
either type of connection has an advantage from the inductive 
interference standpoint for power systems of all sizes and voltages. 

3. Means for Preventing or Reducing Residual Voltages and 
Currents 

To minimize or prevent residual voltages and currents due to 
cause 1, it is necessary to equalize as closely as practicable at 
all points the load between the several phases of the circuit and 
the neutral, or to remove the ground path for unbalanced load 
currents, thus allowing a grounded neutral at one end of the 
circuit only. As it is difficult, if not impossible, to maintain all 
loads in a state of equilibrium at all times, the latter method has 
the advantage of greater reliability. 

Single-phase connections to ground should not be employed. 
Where single-phase loads or unbalanced three-phase loads must 
be supplied, the transformers supplying such loads may be con¬ 
nected across the line wires, or may be connected star to delta, 
with the neutral not grounded. It should be noted that single¬ 
phase or unbalanced three-phase loads on the low-tension or 
delta side of grounded star to delta-connected transformers pro¬ 
duce effects on the high-tension side similar qualitatively to 
single-phase loads between line and ground, but these effects are 
greatly reduced in magnitude by the inherent balancing influence 
of transformers so connected, due to the fact that all three trans¬ 
formers participate in supplying such a single-phase load. 

Residuals which arise from cause 2 may be greatly reduced 
by means of certain types of connections for generators and trans¬ 
formers. Thus for example, connecting the secondary windings 
of the transformer banks in delta largely suppresses these 
components of the residual voltage and current but does not en- 
tirely prevent them. Where the transformers are connected 
grounded star to star, these components can be, to a certain 
extent, kept out of the line by the use of a second bank of trans¬ 
formers having a delta connection on one side and a star con¬ 
nection on the side in common with the first bank, with the neu¬ 
trals interconnected. 

The possibility of the introduction of third-harmonic residuals 
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on the line due to the use of grounded star-connected generators 
may be avoided by the employment of transformers between 
generators and line, the windings on the generator side of the 
transformers being isolated from ground. 

To eliminate or reduce residual currents and voltages which 
may.be due to cause 3, it is necessary to transpose the conductors 
of the power circuit so as to equalize the electrostatic capacities 
of the several phases to ground, and this equalization must be 
attained within distances sufficiently short to prevent the 
accumulation of large unbalances. With a horizontal arrange¬ 
ment of conductors, the capacities to ground are more nearly 
equal that with the triangular or vertical arrangement. It is 
probable that the electrostatic capacities are the controlling 
factors in determining the residual voltage and current of an 
isolated system under normal operation, and while an investiga¬ 
tion of the extent to which such residuals may be reduced by 
properly spaced transpositions has not yet been made, it is rea¬ 
sonable to 'suppose that transpositions will be substantially 
effective. The effect of unbalanced leakage cannot be controlled, 
except through proper construction and maintenance of the 
power system. It is to be noted that the maintenance of the 
system free from accidental grounds and partial grounds be¬ 
comes increasingly difficult the larger the extent of the power 
network. 

On a grounded star-connected system, the electrostatic 
capacity and the leakage of the several phases to ground are 
relatively less effective in producing residual voltage, as on such 
systems the voltages to ground are determined almost entirely 
by the generators and transformers. 

4. Discussion of Tests . 

Having given a general analysis of the causes and effects of 
and means to reduce residual currents and voltages, it is desirable 
to call attention to the results of tests which have been conducted, 
which have a bearing on this subject. 

At Salinas, the effect of grounding or isolating the neutral of 
the auto-transformers, which have also a secondary delta wind¬ 
ing, was investigated. These auto-transformers are supplied 
at 55,000 volts over a transmission line which parallels the cir¬ 
cuits of The Pacific Telephone and Telegraph Company in what 
have been termed exposures No. 1 and No. 2. These auto¬ 
transformers in turn supply a 33,000-volt line of the Coast Valleys 
Gas and Electric Company, extending from Salinas to King City, 
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dls tance of approximately 45 miles, and paralleling throughout 
in-a.c-tica.lly this entire length, the coast route toll lead of The 
> Telephone and Telegraph Company. These same 

'•^lephorte circuits are involved in the parallels with the 55,000- 
north of Salinas. In addition to supplying the King 
t -ity li rie this bank of auto-transformers at Salmas supplies a 
-'^,000-volt line extending to Monterey, a distance of approxi¬ 
mately 18 miles. Aside from the ground on the transformer 
■>1 exrtx-a .1 at Salinas, there are no grounds on either the 33,000- 
v olt line or the 22,000-volt line. The 55,000-volt line supplying 
Salinas transformers is energized at the Guadalupe sub¬ 
station of the Sierra and San Francisco Power Company, ap- 
1'roximately 73 miles distant from Salinas, through grounded 
star-connected auto-transformers, which have delta-connected 
secondary windings, and which are supplied by the 104,000-volt 
li me of this same system which operates with grounded neutral 
connection at its main generating station and substations. It 
will t>e -understood from this statement of conditions that the 
neutral current at Salinas is not identical with the residual, 
o urrent of any one of the three high-tension lines which are con¬ 
nected together by these auto-transformers. The condition 

< > i: tiro S alinas neutral affects the induction arising from the several 
t 'xposures through its effect on the residual currents and voltages 

< > 1 tire high-tension lines connected to the auto-transformers at 
til at point. A representative value of the neutral current at 
Salinas during these tests is 0.3 ampere. It is composed almost 
entirely of the ninth harmonic, the fundamental and the third 
harmonic, their magnitudes decreasing in the order named. 
With the'power system in normal operation, isolating the neutral 
c jf the auto-transformers at Salinas did not greatly affect the re¬ 
sultant induction in the particular exposures under observation. 
"Flic values in the following table, taken from the data of the tests, 
i ndicate the effect of the condition of this neutral on the residual 
currents of the 55,000-volt and the 33,000-volt lines. 


Residual Current at Salinas—Amperes. 


Order 

of 

55,000-volt line. 

33,000-volt line. 

Neutral 

at Salinas 

Neutral at Salinas 

Harmonic 

Grounded 

Non-Grounded 

Grounded Non-Grounded 

1 

0.120 

0.057 

0.061 0.073 

O 

0.054 

0.160 

0.075 0.120 

9 

0.073 

0.100 

0.120 0.075 
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Two reasons may be given for the fact that the condition 
of the Salinas neutral does not greatly affect the resultant resid¬ 
ual current of these lines: (1) the load balance on these lines 
is such that a relatively small amount of load current flows 
through this neutral: (2) as three high-tension lines are connected 
together by these auto-transformers, opening their neutral con¬ 
nection to ground does not completely eliminate the path for the 
residual current of any one of the three lines, since it may then flow 
to earth through the admittance to ground of the other two lines. 

These particular conditions are not commonly found, but a 
similar condition, in that there is a path to ground for residual 
current aside from the neutral connection, prevails in any case 
where the power circuit extends for a considerable distance 
beyond such neutral connection. The investigation showed, 
for the conditions which applied to the 55,000-volt line, that 
removing the neutral ground connection beyond the parallel 
decreased the fundamental and increased the third and ninth 
harmonics in the residual current as shown in the above table. 
It is not be concluded, however, from this one case, that the 
third harmonic and its odd multiples in the residual current 
would in all cases be increased by removing the neutral ground 
connection of a bank of receiving transformers where the cir¬ 
cuit extends beyond the point of measurement of such residual 
current. If the circuit is terminated at the transformer bank, 
the removal of the neutral ground connection must eliminate the 
residual current at that point. 

In the case of the 33,000-volt line, the grounding of the 
neutral at Salinas merely gave another and nearer grounded 
neutral point on the line supplying power but did not give a 
grounded neutral point in each direction from the point .of mea¬ 
surement of the residuals as it did in the case of the 55,000- 
.volt line. As the 33,000-volt line has no grounded connection 
beyond Salinas, the residual current must flow to ground en¬ 
tirely through the admittance of this line to ground. The 
residual current, therefore, diminishes to zero at the King City 
end of the line. Isolating the neutral of the Salinas trans¬ 
formers affects the constituents of the residual currents in this 
line arising from the Salinas transformers, and those impressed 
by the 55,000-volt line, in such a way that they combine vec- 
torially to give a different resultant from that with the S alina s 
neutral grounded. The result is to increase the fundamental 
and third harmonic and to decrease the ninth harmonic when 
the neutral is isolated. The residual current in the 22,000-volt 
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line was not determined, but residual voltage measurements 
were made with the Salinas neutral isolated and grounded and 
the results are included in the following table, from which it 
may be noted that the fundamental, third and ninth harmonics 
were all greater with the Salinas neutral isolated. 

The ba nk s of star-connected auto-transformers at the Guad¬ 
alupe and Salinas substations are provided with closed-delta 
secondary windings, which in the case of Salinas supply power 
for local consumption. An experimental opening of the delta 
at Salinas demonstrated, as would be anticipated, that the use 
of such delta-connected secondary windings reduces, in a large 
measure, the third harmonic introduced by these transformers 
in comparison with its value without the use of such delta- 
connected windings. If grounded star-connected transformers 
are used, it is important, therefore, from the standpoint of in¬ 
duction, to provide such transformers with closed-delta-con¬ 
nected secondary windings or with other means of reducing the 
third harmonic and its odd multiples. Such means may, how¬ 
ever, in some cases be insufficient to reduce the residuals to 
such low values that they will not produce harmful inductive 
interference to parallel communication circuits. 

The investigation on the system of the Coast Counties Gas 
and Electric Company shows results which are summarized 
in the following table with reference to the residual current and 
residual voltage. Santa Cruz, where the measurements were 
made, is 20 miles from one source of supply and 75 miles from 
the other end of the line, where power was also supplied. For 
the sake of comparison the averages of the residual voltage of 
the 22,000-volt line between Salinas and Monterey, a distance 
of 18 miles, are also given: 


Order of 
Harmonic 

Residual Voltage—volts. 

Residual Current 
amperes 

Santa Cruz 

Salii 

Neul 

Grounded 

las 

fcral 

Non-Grounded 

Santa Cruz 

1 

360 

50 

90 

0.094 

3 

.. 

150 

320 

— 

9 

19 

40 

50 

0.021 

11 

14 

— 

— 

0.017 

13 

10 

— 

— 

■*'" '' ,n 

23 

14 
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The system of the Coast Counties Gas and Electric Company 
is isolated from ground and employs a number of Scott-con¬ 
nected and open-delta-connected transformers. The residuals 
at Santa Cruz on this system are composed principally of funda¬ 
mental, ninth and eleventh harmonics. The fundamental is 
predominant. The third harmonic is absent or too small to 
measure accurately. It should be noted here that the use of 
Scott- and open-delta-connected transformers permits the third 
harmonic and its odd multiples to exist in the line voltages and 
currents of a three-phase isolated system. In all probability 
the residuals on this system are caused by unbalanced admit¬ 
tances to ground of the power line conductors. As has already 
been pointed out, that part of the unbalance due to electrostatic 
capacity could be greatly reduced by properly spaced trans¬ 
positions in the power circuit. In contrast to the results at 
Salinas, the residuals of this system exhibit a prominent funda¬ 
mental and the absence of, or relatively small amounts of, the 
third harmonic and its odd multiples. 

APPENDIX III 

Transpositions 

The sources of the disturbances in communication circuits, 
which arise from parallel power circuits, have been treated in 
the first section of the preceding appendix. The effect of trans¬ 
positions on the induction in communication circuits produced 
by parallel power circuits will now be considered. 

This appendix comprises the four following sections: 

1. Effect of Transpositions in Reducing Induction. 

2. Characteristics of Present Transposition Systems. 

3. Characteristics of Proposed Transposition Schemes. 

4. Results of Tests. 

1. Effect of Transpositions in Reducing Induction. 

Transposing a circuit is the interchanging of the positions 
occupied by the conductors. 

By transposing a power line the phase of the resultant elec¬ 
tromagnetic field due to balanced currents and the phase of the 
resultant electrostatic field due to balanced voltages is changed, 
and the induction is reduced by the production of neutralizing 
effects in the neighboring lengths of a parallel conductor. Thus, 
by locating the power circuit transpositions so that each con¬ 
ductor occupies all of the several possible conductor positions 
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for equal distances, a section or “barrel” is obtained within 
which the resultant induction on a parallel conductor due to 
balanced currents and voltages is completely neutralized, neg¬ 
lecting attenuation and remanent electrostatic effect and as¬ 
suming the parallel is uniform throughout the barrel. 

Inasmuch as residual currents and voltages are in phase in 
the several conductors, the transposition of the power circuit 
does not reduce the inductive effects therefrom in a parallel 
conductor, except as the magnitudes of the residual currents 
and voltages are reduced by the power circuit transposition. 
(See Appendix II). 

As usually constructed, the conductors of a telephone circuit 
are close together as compared with their distances to a power 
line, and the circuit is usually isolated from ground. Could the 
conductors of a metallic communication circuit be located at 
the same point in space, as is approximately true of a pair of 
wires twisted together, the resultant electromagnetic and elec¬ 
trostatic induction between the sides of the communication 
circuit would be zero. The voltage induced along the conduc¬ 
tors of the telephone circuit and the induced voltage to ground 
would be present but would not be effective in producing any 
voltage between the conductors of the telephone circuit, provided 
the capacity and leakage to ground of each side of the telephone 
circuit were equal. On overhead lines the conductors of a 
metallic communication circuit must be at least several inches 
apart, hence in general when paralleled by a power line, the 
resultant electromagnetic and electrostatic induction in the two 
conductors will be unequal in magnitude. The result is that a 
voltage exists between the sides of the circuit which causes a 
current to flow in apparatus connected between the conductors, 
such as a telephone receiver. 

Transpositions in communication circuits tend to equalize 
the induction in the two sides of the circuits by exposing each side 
equally to the influence of the power circuit,'that is, by reversing 
in successive lengths the phase of the induction between the 
two sides of the circuit. 

In an exposure where the induction from unbalanced currents 
and voltages would be completely neutralized by the power cir¬ 
cuit transposition system if there were no communication circuit 
transpositions, or where such induction would be completely 
equalized by the communication circuit transpositions if there 
were no power circuit transpositions, this induction will practically 
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always be partially cumulative if both power and communication 
circuit transpositions are installed without due reference to each 
other. It should be noted, however, that the maximum dis¬ 
turbances which may be set up in a parallel communication 
circuit by balanced currents and voltages in the power circuit 
will be present when neither the power circuit nor the communica¬ 
tion circuit is transposed. . Hence it is very important that the 
power and communication circuit transpositions be properly 
located with respect to each other and in this way only can the 
maximum benefits from the transposition be derived. 

Induction from residual currents and voltages is reduced by 
communication circuit transpositions. 

If the communication circuit has a ground return, it cannot be 
transposed and the power circuit transpositions alone will be 
effective in reducing interference arising from the balanced 
currents and voltages. Also, the induction into a ground return 
communication circuit from residual currents and voltages is 
not affected by transpositions, except indirectly, as previously 
stated. It is possible, though not of general practical applica¬ 
tion, to obtain the effect of a transposition in a grounded alter¬ 
nating-current power or communication circuit by means of a 
transformer or repeating coil. 

Induction between wires and ground is harmful to metallic as 
well as to ground return circuits, for in case the metallic circuit 
is not perfectly balanced electrically, such induced voltage forces 
a current to circulate in the metallic circuit through the terminal 
apparatus. It is not practical to maintain communication cir¬ 
cuits in a state of perfect balance at all times. 

2. Characteristics of Present Transposition Systems. 

The transposition systems used on long distance metallic 
telephone circuits are designed primarily to reduce the “ cross¬ 
talk ” or induction from one telephone circuit into another and 

provide for a high degree of balance between any circuit and all 
others on the line. ' 

The length of standard balanced telephone transposition sec¬ 
tions used by The Pacific Telephone and Telegraph Company is 
approximately eight miles (more exactly, 41,600 feet), and this is 
representative of the length of sections of the transposition 
systems used by other companies operating similar lines. To 
improve the transmitting Qualities of telephone circuits used for 
long distance work, loading coils are introduced in certain circuits 
at the ends of the standard transposition sections. Uniform 
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^Pacing of the telephone “ S ” poles (end poles of transposition 
Actions) is an important consideration in the application of 
fading. It is important that the induction be neutralized in 
^^ch section between loading points, as these are points of dis¬ 
continuity in the circuits. 

The system now used also provides for the transposition of 
every circuit at actual intervals ranging from one-quarter mile to 
'"b.'Wo miles, the average intervals for different circuits varying from 
approximately one-quarter mile to three-quarters of a mile, 
lienee every circuit is to a certain extent balanced to induction 
^om parallel power circuits. 

In addition to the metallic circuits composed of two conduc¬ 
tors, the telephone companies employ phantom circuits which are 
^ade up from two physical (two-wire) circuits. Each 11 con¬ 
ductor ” or side of the phantom circuit consists of the two con¬ 
ductors which form one physical circuit. As usually made up, 
the physical circuits occupying adjacent horizontal positions 
^re used for the phantom circuit. Hence, the average dis¬ 
tance between the sides of the phantom circuit is equal to twice 
the distance between the conductors of the physical circuits. 
Due to the greater distance between the sides of the phantom 
oircuit as compared with the physical circuits, the phantom 
circuits are more subject to inductive interference than the 
iphysical circuits. The phantom circuit possesses.marked advan¬ 
tages in economy and transmission efficiency over the physical 
circuits composing it, hence, is extensively used for the longer 
distances. The transpositions in the phantom circuits are 
spaced at average intervals, for different circuits, varying approxi¬ 
mately from three-quarters of a mile to two miles. 

The purpose of transposition systems applied to power circuits 
lias been to reduce the disturbance in parallel communication 
circuits and in some cases to equalize the separation of the pairs of 
conductors forming the several phases. Usually when transposi¬ 
tions have been applied to power circuits to reduce the distur¬ 
bance in existing parallel communication circuits, one or more 
complete barrels have been provided within the total length of 
-the exposure. The best obtainable results from power circuit 
transpositions will be had only when they are located with due 
regard to the transposition points of the communication cir¬ 
cuit. No such practise as this has been followed in the 
past. The transposition systems heretofore applied to parallel 
power and communication circuits have therefore failed to meet 
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the requirements for maximum effectiveness. Hence, balanced 
currents and voltages in the power circuits have, in general, 
caused more disturbance than necessary in parallel communica¬ 
tion circuits. 

3. Characteristics of Proposed Transposition Schemes. 

It would be possible to fulfill the conditions for balance with 
regard to induction arising from balanced currents and voltages, 
by cutting a “ barrel 57 into the power circuit between successive 
communication circuit transpositions. Inasmuch as telephone 
transposition points are ordinarily spaced at one-fourth mile 
intervals, this solution in the case of a three-phase power circuit 
would necessitate transpositions at an average spacing of one- 
eighth mile and a minimum spacing of one-twelfth mile, which is 
impracticable in most cases. 

It would be possible to satisfy the conditions for balancing 
the induction in metallic circuits, from both balanced and 
residual currents and voltages, by installing any completely bal¬ 
anced system of communication circuit transpositions between 
each two successive power circuit transpositions. Assuming 
twelve-mile “ barrels 77 in the power circuit, the conditions for 
balance could be fulfilled with the present standard telephone 
transposition system. However, with power circuit barrels of a 
length such as is essential in most parallels, this solution would 
require the redesign and relocation of all telephone transpositions 
in the exposure, involving several times as many transpositions as 
are normally require, with the liability of interference with the 
location of loading coils. 

Both the above solutions satisfy the conditions for balancing 
the induction in metallic circuits, arising from residuals, in a 
length of circuit equal to twice the distance between successive 
communication circuit transpositions, assuming these are 
uniformly spaced. In the standard transposition section as now 
used, balance is thus obtained in distances varying from an aver¬ 
age of approximately one-half to four miles. 

Between these two comparatively simple but extreme solutions 
the practical but more complicated solution for general cases is 
to be obtained. This involves the combination of power circuit 
barrels of moderate length with a modified communication cir¬ 
cuit transposition system designed to procure balance ’ as far as 
practicable for all circuits. In this way coordinated transposi¬ 
tion systems may be designated which are sufficiently flexible 
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to meet the requirements of short parallels and portions of longer 
parallels separated by points of discontinuity. 

In the discussion above with reference to schemes of trans¬ 
positions, the balances or unbalances mentioned are those which 
would occur, due solely to the relative locations of transpositions, 
in an exposure whose physical characteristics are uniform through¬ 
out. Even with a scheme of transpositions, balanced in the sense 
described, applied to both power and communication circuits 
involved in an actual parallel, there are a number of factors as 
noted below, which in general are not capable of being taken into 
account quantitatively and because of which effective neutrali¬ 
zation may not be obtained. These factors are: 

1. Non-uniformity of separation, configuration and other physical 
characteristics. 

2. Variation in magnitude and phase of the inductive effects along 
the exposure (applying particularly to the higher frequencies.) 

3. Inherent inability of transpositions to completely neutralize 
electrostatic induction (this remanent effect can be reduced as far as 
desired by inserting a sufficient number of transpositions.) 

4. Imperfect electrical balance of the communication circuit. 

While these factors which prevent complete neutralization of 
the induction cannot be entirely eliminated, their effects can 
be abated by reducing the length of balanced transposition 
sections. Thus it is not sufficient merely to install transpositions 
in both lines so that they are balanced to each other, but, also, 
it is necessary to take into consideration the length of section 
within which balance is obtained and to make this length as 
short as the conditions of the particular case require. 

Points of discontinuity, such as abrupt changes in power line 
current where a material amount of load is taken off, cross-overs, 
or substantial changes in separation, should, if practicable, be 
made neutral points (junction points of balanced sections) in 
the transposition scheme. Where cross-overs occur balance 
should in general be obtained independently for the portions of 
the communication line on each side of the power circuit. 

The transposition system and the location and spacing of 
transposition poles are factors of prime importance in the suc¬ 
cessful operation of telephone lines, on account of the mutual 
effects among the many circuits carried on such lines. On the 
other hand, transpositions in power circuits are, relatively, of 
minor importance in the operation of a power system and from 
this standpoint the effect of small changes in the location of such 
transpositions is negligible, Hence, in general, the requirements 
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of the communication circuits are the chief factors which should 
govern the location of all transpositions in both power and 
communication circuits. 

Anindividual study is necessary to determine the best procedure 
for any given parallel, owing to the wide variation in conditions. 
Thus only is it possible in each case to determine the best location 
and method of transpositions with regard to the requirements of 
both power and communication systems. 

4. Results of Tests. 

The investigation at Salinas demonstrated that the induction 
in a ground return circuit in the exposures concerned, arises 
principally from the residual voltages and currents while the 
induction in a metallic circuit shows principally the character¬ 
istics of the balanced voltages and currents together with some 
effect from the residuals. This result was to be expected, as 
there are power circuit transpositions which reduce the induc¬ 
tion in the conductors used as ground return circuits, due to 
the balanced components, but these transpositions and the trans¬ 
positions in the telephone circuits are improperly- located with 
respect to each other and therefore are inefficient as regards 
the induction in the metallic circuits. On the other hand, the 
telephone transposition system tends inherently to reduce the 
induction in the metallic circuits, arising from residuals. A 
study of the relative location of power and telephone circuit 
transpositions for exposure No. 2 at Salinas, indicated that by 
modifying the piesent transpositions of both circuits, it is 
possible to reduce materially the induction from balanced cur¬ 
rents and voltages. Had it been feasible to take the oower 
circuit out of service for the purpose of experimental retrans¬ 
position, the above scheme, as well as one for the King City 
exposure, would probably have been installed and the effects 
thereof experimentally determined. Under the conditions exist- 
mffi however, it was deemed advisable to postpone the matter 
of transpositions for both these exposures, pending the acqui¬ 
sition of further information as to the extent to which retrans¬ 
position would be warranted as a permanent improvement. 

The experimental study of transpositions was, therefore, 
transferred to another point where a power line is not the sole 
source of supply and can, therefore, be shut down for altera¬ 
tions and tests under special conditions. 

The experimental determination of the practical effectiveness 
of transpositions has not been completed. However, an ex- 
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tended theoretical study of transpositions has been made, 
including the design of a modified telephone transposition system. 
This system, which requires many additional transpositions, is 
more flexible in its properties of coordination with different 

lengths of power circuit “barrels”. 

A study made to determine the relative efficiency of various 
schemes of transpositions designed for the Santa Cruz-Watson- 
ville exposure of The Pacific Telephone and Telegraph Com¬ 
pany’s toll lead to the 22,000-volt line of the Coast Counties 
Gas and Electric Company, emphasizes the following general 
principles: 

1. The necessity of proper relative location of power and telephone 
circuit transpositions. 

2. The importance of the effect of cross-overs and the desirability of 
making them neutral points in the transposition scheme. 

3. The necessity of some modification of the telephone transposition 
system. 


APPENDIX IV 


Apparatus 


For the proper conduct of its tests and experiments the Joint 
Committee on Inductive Interference has secured, either through 
purchase or on loan account from various power and communi¬ 
cation interests, apparatus of an aggregate value of over twelve 
thousand dollars. 

The following is a brief schedule of the property in use by 
this Committee, together with its estimated replacement value: 


Buildings (Portable Laboratory).. 

Furniture and Fixtures. 

Apparatus—Oscillograph. 

Oscillator. 

Motor-Generator Set 

Meters. 

Batteries. 

Condensers. 

Bridges. 

Galvanometers. 

Rheostats. 

Switchboards.. 

Misc. Apparatus... . 
Coils and Relays. .. . 

Transformers. 

Miscellaneous. 

Photographic. 


S1,H5.00 

600.00 

260.00 

1.202.50 
100.00 
990.00 
675.00 
.265.00 
734.80 
-135.40 

1,505.00 

645.00 

2.412.50 
787.00 
293.60 


480.00 

128.00 


11,820.80 


Grand Total 


$12,428.80 
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The above property is owned by the Joint Committee on 
Inductive Interference and various power and communication 
companies, as follows: 


Joint Committee on Inductive Interference.$ 1,251.15 

The Pacific Telephone and Telegraph Company and 

American Telephone and Telegraph Company. 8,293.65 

Sierra and San Francisco Power Company. 2,002.50 

San Joaquin Light and Power Company...’. 300.00 

Pacific Gas and Electric Company. 110.00 

Western Union Telegraph Company. 235.00 

Testing Force... 256.50 


Total...$12,428.80 


APPENDIX V 

List of Technical Reports 

The following is a list of the technical reports which have 
been prepared in connection with the investigation of the Joint 
Committee on Inductive Interference; 


Technical 

Repart 

No. Subject 

1. General outline of tests to be made at Salinas on parallels between 
lines of the Sierra and San Francisco Power Company, the Western 
Union Telegraph Company, the Southern Pacific Company, and 
The Pacific Telephone and Telegraph Company. (6 pages.) 

■ 2. Summary of results of tests at Morganhill on parallel between 

lines of the Coast Counties Gas and Electric Company and The 
1 Pacific Telephone and Telegraph Company between Morganhill 
and Gilroy. (8 pages.) 

3. A description of the noise standard in use for measuring noise on 
telephone circuits in terms of a standard unit. (4 pages) 

4. A description of the instruments and methods used for the 
measurements of effective values of induced voltages and currents. 
(2 pages.) 

5. A description of apparatus and connections used in measuring 
line and residual currents and voltages of power circuits. (6 pages) 

6. Tests of the effects of opening the secondary delta of the auto¬ 
transformer bank at Salinas. (7 pages) 

* 

7. Tests of the induction in the block signaling circuits of the 
Southern Pacific Company paralleled by the Salinas-King City 
circuit of the Coast Valleys Gas and Electric Company. (4 pages.) 

8. Tests of the induction in the telephone circuits of exposure 
No. 2 at Salinas under normal operating conditions of the power 
system, with particular reference to the effects of grounding and 
isolating the neutral of the Salinas auto-transformers. (16 pages) 











1914] 


REPORT ON INDUCTIVE INTERFERENCE 


1483 


9. Experimental determination of the coefficients of induction for 
residual currents and voltages in exposure No. 2 at Salinas. 
(4 pages.) 

10. Measurements of the harmonics of the neutral current at Salinas. 
(4 pages.) 

11. Investigation of current transformers, ratios, and errors due to 
the use of current transformers under the conditions of the tests. 
(21 pages) 

12. Formulae for the computation of electrostatic and electromag¬ 
netic induction from power circuits in neighboring communication 
circuits. (18 pages) 

13. An investigation of errors in measurements of residual voltage 
due to the potential tran'sfbrmers used and a discussion of the 
method of measurement at Salinas. (30 pages) 

14. Comparative tests of the noise in exposed telephone circuits 
with power on and off the 55,000-volt power circuit of the Sierra 
and San Francisco Power Company between Guadalupe and Sa¬ 
linas. (8 pages) 

15. Supplementary to Technical Report No. 8, differing from the 
earlier report in that the telephone circuits were shielded. Con¬ 
tains a discussion of transpositions. (22 pages) 

16. Tests of the induction in telephone circuits exposed to the Coast 

Counties Gas and Electric Company’s 22,000-volt line between 
Morganhill and Gilroy with the power circuit untransposed and 
open at Gilroy. (4 pages) 

17. Tests of the induction in telephone circuits exposed to the Coast 
Counties Gas and Electric Company’s 22,000-volt line between 
Morganhill and Gilroy, before and after installing power circuit 
transpositions. (24 pages) 

18. Tests’of the effect, on exposed telephone circuits, of grounding 
one phase of the Coast Counties Gas and Electric Company s 
22,000-volt three-phase delta-connected line. (4 pages) 

19. Test of the combined effects of the Coast Counties Gas and 
Electric Company’s and the Sierra and San Francisco Power Com¬ 
pany’s circuits on the telephone circuits in the exposure between 
Morganhill and Gilroy. (4 pages) 

20. Tests of the effect on the residual voltage of transposing the 
Coast Counties Gas and Electric Company’s 22,000-volt line within 
the exposure between Morganhill and Gilroy. (3 pages) 

21. Tests to determine the comparative effect on the noise in the 
exposed telephone circuits of having the power on and off the Coast 
Counties Gas and Electric Company’s 22,000-volt line between 
Morganhill and Gilroy, and the effect of shielding the telephone 
circuit under test by grounding other circuits on the lead. 
(4 pages) 
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22 . 

23. 


24. 


25. 


26. 


27. 


28. 

29. 

30. 

31. 

32. 

33. 
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Computation of the coefficients of induction from balanced and 
residual currents and voltages for the telephone circuits of exposure 
No. 2 at Salinas. (19 pages) 

* Experimental determination of the coefficients of induction from 
residual currents and voltages, for the telephone circuits of exposure 
No. 2 at Salinas—more complete than Technical Report No. 9. 
(24 pages) 

Comparison of computations of Technical Report No. 22 with 
experimental data of Technical Report No. 23. (16 pages) 

Tests of induction in telephone circuits in exposure between 
Salinas and King City under normal operating conditions, with the 
neutral of the Salinas auto-transformers grounded and isolated. 
(20 pages) 

Tests of accuracy of measurement of residual current by certain 
current transformers. (4 pages) 

Tests of induction in telephone circuits in exposure No. 2 at 
Salinas with the North Beach steam station energizing the Sierra 
and San Francisco Power Company’s line. Supplementary to 
Technical Reports Nos. 8 and 15, differing in the source of supply 
of the power system. (27 pages) 

Supplementary to Technical Reports Nos. 8 and 15. Voltage 
lowered 5 per cent at the Guadalupe auto-transformers which 
supply the power circuit. (20 pages) 

Determination of impedances of lines, by computations and by 
measurements—numerous curve sheets and tables. (65 pages) 

Tests of induction in telephone circuits in exposure Nos. 1 and 2 
at Salinas, with the neutral of the Salinas transformers grounded 
and isolated. (10 pages) 

Supplementary to Technical Reports Nos. 8 and 15 and more 
complete. Includes tests with Salinas neutral grounded and isola¬ 
ted and with telephone circuits shielded and unshielded. (29 pages) 

Supplementary to Technical Report No. 25. (22 pages) 

Induction in test leads used at Salinas for connecting testing 
apparatus to the circuits of exposure No. 2 and the effect of such 
on the measurements of the induction from the exposure. (20 
pages) 

Effect of changes in the insulation resistance of the telephone 
line on the induction in telephone circuits of exposure No. 2 at 
Salinas. Also supplements Technical Reports Nos. 8, 15, and 31. 
(24 pages) 

General outline of tests to be made at Santa Cruz on the parallel 
between lines of the Coast Counties Gas and Electric Company and 
The Pacific Telephone and Telegraph Company. (4 pages) 
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36. Induction in telegraph circuits of the Western Union Telegraph 
Company and the Southern Pacific Company in exposure No. 1 
between Salinas and San Jose. (8 pages) 

37. Noise tests on telephone circuits radiating from Salinas, with the 
neutral of the Salinas auto-transformers grounded and isolated. 
(4'pages) 

38. General review of tests at Salinas, summarizing reports 1, 6, 7, 8, 

9, 10, 11, 12, 13, 14, 15, 22, 23, 24, 25, 26, 27, 28, 30, 31, 32, 33, 34, 
36, and 37. (53 pages) 

39. General consideration of transpositions and a study of the results 
to be expected from the application of various transposition 
schemes to the Santa Cruz-Watsonville exposure. (36 pages) 

40. Method of measurement of capacity and conductance unbalances 
(2 pages) 

41. Harmonic analysis of alternating-current waves, by oscillograph 
and resonant shunt. Comparison of the methods. (30 pages) 

42. Investigation of the current transformers in use at Santa Cruz, 
to determine their ratios of transformation and suitability for 
residual current measurements. (35 pages) 

43. Outline of tests to determine the effect of extraneous currents 
on the intelligibility of telephone conversation. (8 pages) 

44. Induction in the telephone circuits of the Santa Cruz-Watson¬ 
ville exposure and in the test leads, from sources other than the 
22,000-volt line. (12 pages) 

45. • Induction in the telephone circuits of the Santa Cruz-Watson¬ 

ville exposure under commercial operating conditions, with the 
original transpositions in both power and telephone lines. (15 pages) 

46. Supplementary to Technical Report No. 39. A study of ad¬ 
ditional transposition schemes for the Santa Cruz-Watsonville 
exposure. (14 pages) 

47. Computation of the coefficients of induction for balanced and 
residual currents and voltages for the Santa Cruz-Watsonville 
exposure. (11 pages) 

48. Experimental determination of coefficients of induction in the 
Santa Gruz-Watsonville exposure, with the original transpositions. 
(42 pages) 

49. Further experimental determination of coefficients of induction 
for balanced voltages, in the Santa Cruz-Watsonville exposure, with 
the original transpositions. (13 pages) 

50. Study of the influence of various transformer connections and 
flux densities on the third harmonic and its multiples in a three- 
phase circuit, (in preparation). 
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Discussion on “ Report by the Joint Committee on In¬ 
ductive Interference”, Spokane, Wash., September 11 , 
1914 . 

P. N. Nunn: The paper just presented is one of signal interest 
and significance. It is of unusual moment in this, that it reports 
both an elaborate scientific study of great technical value and 
also a legal adjudication of conflicting interests between two 
public utilities of vast economic importance. 

Briefly stated, the paper reproduces a certain report to the 
Railway Commission of the State of California, by a committee 
authorized by it to investigate the subject of electrical interfer¬ 
ence by other electrical circuits with “ communication ” service, 
including telephone, telegraph and railway signal. The investi¬ 
gation, occupying several years, assumed the character of a re¬ 
search into the intricate phenomena of distant electromagnetic 
induction, its remote origin in the characteristics and manipula¬ 
tion of power apparatus and its acoustic effects upon telephone 
service. To present the details of the various tests, methods 
and apparatus employed has involved the production of fifty 
special reports now summarized in this general report which 
draws a series of conclusions and submits and discusses a pro¬ 
posed code of rules for the prevention of the interference in 
question. 

As a scientific research this investigation is invaluable and 
marks a distinct advance in applied electrical science. In view 
of the economic importance of telephone and similar service, 
and of the probable increase in the future in the capacities and 
voltages of power circuits, there appears a very real and difficult 
problem to be met in the evolution of the respective arts. To 
the solution of this problem such research should undoubtedly 
point the way. In this sense this report deserves marked ap¬ 
preciation. But at this time attention is called not so much to 
its scientific value as to the economic and legal effects of its 
code of rules. 

Although recognizing a conflict of interests between the re¬ 
spective groups of electrical industries, the investigation was 
conducted and the rules drawn ostensibly to meet the problem 
only as a scientific question of demonstrable cause and effect. 
Unanimously indorsed by a committee purporting jointly to 
represent the telephone, the railway, and the electric power 
interests of the state, the rules purport to be, in effect, an agree¬ 
ment among all parties in interest, and as such, approved and 
adopted by the Commission, have become the law of California. 
By this process the Commission is led to adjudicate the differ¬ 
ences and legislate changes in practise from scientific considera¬ 
tions alone, without regard to the broader aspects of the issues 
involved. 

The problem is much broader than that. It involves another 
scientific aspect as well as questions of inherent rights, of equity, 
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of evolution of the respective industries, and of the policy of 
the public toward its utilities. Moreover, the rules are not mere 
logical conclusions, and their full effect is not apparent from their 
text. Read casually, they imply a spirit of friendly coopera¬ 
tion toward some mutual purpose. In results, however, benefits 
accrue only to one interest, while burdens, even extreme hard¬ 
ships, are laid upon the other. Their full import appears 
only from careful consideration of each rule in the light of the 
whole seen from a mature point-of-view. 

The partisan point-of-view from which these rules have been 
formulated is shown by their context. “ Since these rules are 
designed for the protection of communication circuits / 5 (Dis¬ 
cussion of Rules, Art. IV) acknowledges that they are designed 
to restrain the power circuits. While the specific parties in 
conflict are somewhat obscured by including the railway in¬ 
terests as a third party and by use of the term “ communication 55 
instead of “ telephone / 5 yet Rule V in effect waives all conflict 
between railway and telephone interests, thus associating them 
and leaving the power interests alone under restraint. And while 
the caption “ Historical / 5 (first paragraph) in presenting the 
origin of this action styles it “the outgrowth of certain differ¬ 
ences * * * * brought to the attention of the Railway Com¬ 
mission 55 instead of plainly “ a complaint by the telephone 
lodged against the power interests / 5 it likewise states (fifth para¬ 
graph) that this investigation, attributed to the Joint Committee, 
was in fact already a department of the Pacific Telephone & 
Telegraph Co. and of well-defined form and character before 
taken over by the Joint Committee, and also that it was con¬ 
tinued (fourth paragraph) by a staff of telephone employees. 
It thus appears that this measure, instead of being a mutual 
matter or serving a mutual purpose, is in fact a telephone 
project from its inception to the conclusions which are formu¬ 
lated into the rules presented. 

The specific rules, seventeen in number as grouped under 
caption II, may be classified as follows: 

Mutual obligations respecting the spacing of power from telephone 
circuits; the uniformity of parallels, and the use of adequate systems of 
transpositions. 

Specifications of power equipment, covering wave-form of generators, 
charging current of transformers, type and equipment of line switches, 
style and location of transpositions, and also requiring ammeters in 
grounded neutrals and the use of ground detectors 

Dictation of methods in power distribution, covering balancing of 
loads, balancing of circuits, and methods of connecting and loading 
transformers. 

Restrictions in operating procedure of power industries, covering 
line tests and the manipulation of automatics, operation with open 
circuits and grounds, measurements of ground currents and the charging 
of electrolytic arresters. 

Stipulations respecting obscure power-circuit effects, requiring the 
limitation of residuals and the elimination of harmonics. 
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In discussing the individual rules, the following general con¬ 
siderations should be recognized. 

The scope of the restrictions placed upon power interests 
is without tangible limit. Rule I prohibits “ parallelism ”, 
which is defined as lines in such proximity “ that the power circuit 
is liable to create inductive interference * * * *.” Note 

the term “ liable to.” It is not “ has ” or “ does ” but “ liable 
to.” The question is one of degree, but no degree being even 
implied, the rule stands absolute. Since inductive ‘ effects are 
obscure and difficult of determination, the telephone interest 
may readily find occasion for claiming with some plausibility 
that almost any power circuit of the State is in parallelism 
to some slight degree. Where impracticable entirely to avoid 
parallelism, this rule makes the power circuit subject to the 
seventeen specific rules classified above. 

For the enforcement of these rules, far-reaching power of re¬ 
prisal and dictation is reserved by the telephone interest. 
Rule “ d ” successively stipulates, emphasizes, and confirms 
that the telephone interest “ shall have the right to specify the 
number, type and location of transpositions” in power circuits. 

Transpositions constitute the great general measure for 
neutralizing interference,—the last resort. They are both a 
hardship in expense and a menace to safety and service, and in 
degree both are, in general, proportional to the voltage trans¬ 
posed. The right to specify them, therefore, here becomes the 
weapon of the telephone interest against the power interests for 
all manner of possible shortcomings. Upon high-voltage lines 
and especially upon tower circuits in good telephone districts, 
this right carried to logical limits under these rules becomes 
tantamount to supreme authority. True, the telephone in¬ 
terest is limited as to the frequency of its use,—not oftener than 
one-sixth mile apart, but this very limit serves but to emphasize 
the length and breadth and depth of the power here grasped by 
the telephone interest. 

None of the expense or burden of this new regime falls upon 
the telephone interest. Rule IV provides that “ At the option of 
the (telephone) company * * * * any of the provisions 

of II and III may be waived.” . Since II and III comprise in 
effect the entire code, this provision becomes a blanket release 
giving the telephone interest immunity from any unwelcome 
involvement. Thus these rules which in effect “ box ” the power 
interests on all sides, notwithstanding their purport of co¬ 
operation, leave for the telephone interest a back door of escape 
always open. It thus, for instance, in paralleling a previous 
power circuit, could throw upon the power interest the hardship 
of reconstructing to conform to the rules, while itself evading 
through this back door any burden whatever. 

■ Turning now to the seventeen individual rules as already 
classified, or rather to a few of their characteristic provisions; 

those specifying characteristics of power equipment, rule 
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“p” requires power companies to obtain and use generators 
“ giving, as nearly as reasonably possible, pure sine waves of 
voltage * * * Does this mean that the power com¬ 

panies of California are now using generators of characteristics 
inferior to those recognized as standard in the industry, or does 
it mean that electrical manufacturers must now evolve a line 
of generators of new design and characteristics for the special 
needs of California trade? Rule “ q ” raises a similar question 
as to the exciting current of transformers. Rule “ j ” prohibits 
the use of air switches which are now so generally used and from 
the further development of which so much is expected, while 
rule “ h ” requires the general use of oil switches “ rendered 
automatic for short-circuits, grounds and abnormal neutral 
currents/’ This calls for a mechanism which has already been 
sought for many years but never yet produced and, in the opinion 
of many, beyond mechanical possibility. 

Referring to the rules which restrict operating proecedure as 
now followed, rule “ o ” requires the charging of electrolytic 
arresters during the late night, while “ m ”, regarding line 
testing in cases of trouble, prohibits present prevailing practise 
and in effect requires the development of new methods and new 
apparatus for the localization of line faults. 

Similarly, rule “ n ” specifying “ * * * a record of hourly 

measurements of the neutral currents * * *,” in effect seems 

to require a regular corps of attendants at every point of trans¬ 
formation employing a ground connection. 

The class of rules respecting obscure phenomena incident to 
power circuits is less specific, yet rule “ b ” requires “ special 
consideration shall be given to the prevention or elimination of 
harmonics * * *.” This is a problem of many years’ study 

by engineers, manufacturers and power companies alike, the 
solution of which might have saved from financial failure many 
of the power ventures of the past decade. 

Without going further at this time into the many restrictions 
and their ultimate effects, the above characteristic cases will 
illustrate the radical nature of the rules, the impossibility of 
their fulfilment, and the length to which they go in demanding 
a virtual reconstruction of the power industries to meet the 
telephone’s demands. They express the telephone interest’s 
demand for impracticable ideals. That the results required 
are in fact impracticable ideals is tacitly recognized throughout 
the text by the constant recurrence of such evasive expressions 
as “ Every reasonable effort to avoid,” (several times repeated), 
" Every effort,” and such vague expressions of degree as “ Closely 
as practicable,” “ Nearly as practicable,” “ Most reasonable 
possible,” and “ Low as consistent with good practise.” 

The matter of the rule regarding crossings is of quite a different 
nature. Rule “ a,” after specifying the separation between 
power and communication lines, continues “ The only exceptions 
to this provision * * *” are crossings, etc., 'which shall be 
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“ * * * constructed in conformity with the National Electric 

Light Association specifications * * * The specifications 

here referred to were themselves initiated by the telephone in¬ 
terests of the East and presented through a committee formed 
under telephone influence. At best they are but proposed speci¬ 
fications, since, as a matter of record, the N. E. L. A. as an 
organization declined to adopt or sanction them. Since this 
matter occasioned much dispute, it has been generally understood 
that the question of crossings is specifically avoided in these 
rules as, in fact, it is, in title, headings and otherwise in the text. 
But nevertheless it is covered here and most effectively. More¬ 
over, this brief incorporation of it seems to be without the 
full approval or knowledge of the Joint Committee, since at 
least one member still asserts that “ These rules have nothing 
whatever to do with the question of crossings.” In this light 
its interjection here seems somewhat a “ joker ” on the power 
interests. Suggestively similar are those terms which reserve 
to the telephone interest the power of waiving these rules as to 
itself and of specifying transpositions, and which in their final 
effects, as already discussed, are so far-reaching. 

To briefly review: As seen by the power interests, these rules 
are radical, without tangible limit of scope, impossible of ful¬ 
fillment, demand virtual reconstruction of their methods and 
business, and strain toward impracticable ideals; they have 
been framed by the telephone interest from an utterly partisan 
point of view, to secure to itself supreme power of enforcement; 
they have been carried to enactment against the power interests, 
many in number, competitive and without cooperative organiza¬ 
tion, by a single nation-wide monoply of vast coordinate resources, 
in California, as a first step toward similar rules wherever possible. 

In conclusion: in the matter of electromagnetic interference 
there unquestionably is a very real and significant problem 
to be worked out theoretically by precisely such methods as 
those here reported. But then the same problem must again 
be worked out in practise through advance in apparatus and 
methods. Again the problem lies no more with the cause and 
its removal than with effects and their prevention; it embraces 
both. Moreover, by its very nature the problem primarily is 
that of the complainant, and its solution should first be sought 
at home. Thus there is force in the current retort of the power 
interests to the complaints of the telephone interest, that the 
latter has done as little to protect itself as the power interests 
have done to protect it. The final solution may be found as 
much or even more in the evolution of protective and corrective 
devices for telephone circuits as in the elimination of causes 
as attempted by these rules. It is quite possible that telephone 
circuits, being more sensitive, are now somewhat at the mercy 
of the less sensitive and more rugged power circuits and therefore 
should have some relief, but such a measure as this can but re¬ 
verse the relation with far more hardship, while accomplishing 
nothing toward the final and equitable solution of the question. 
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A suitable code of rules, as scientific deductions reported to 
a scientific body or, accompanied by its natural counterpart in 
similar rules for the telephone industry, if adopted by this 
society, would be entirely proper and useful as a consensus of 
present opinion, subject to future advances. But these rules 
as law, inflexible to changing conditions and without such coun¬ 
terpart, are without equity or sense of proportion and contrary 
to economic order. Beyond the direct hardship imposed lies 
a greater wrong. Through their partisan point-of-view and 
narrow treatment of the issues, they establish by implication 
the principles of the power industry’s legal liability for all possible 
effects of their circuits and of the telephone industry’s fundamen¬ 
tal right, wherever it may go, to an atmosphere free from mag¬ 
netic influence, regardless of degree or priority of presence. 

J. B. Fisken : I am sure a discussion of this paper, more es¬ 
pecially of the rules, needs no apology before this body. I 
believe that rules or statutes should be discussed by engineering 
bodies when engineering is involved. Now, in anything I 
may say as to my opinions, I would simply state that I have 
been handling for a matter of twenty-eight years voltages varying 
from 90 to 60,000 and I have had quite a little experience. 
I want to refer to page 1446,under “definitions;” “a. Power 
Circuit,” and “ d. Line.” These definitions provide for the 
inclusion in circuits which must be transposed, of arc circuits of 
voltages of 5,000 volts or more. But the rules do not state how 
they should be transposed. Series arc circuits are quite fre¬ 
quently run with one wire on a street; the return wire may be 
half a mile away. The people of California may have to string 
both sides of the circuit across this distance of a half mile to 
get a transposition, or build both sides of the circuit parallel to 
the telephone line. 

I think there has been a mistake made in the arrangement of 
the rules; as, under Rule II, section “a,” there is a rule which 
should be arranged under the heading of “ Phantoms.” A 
phantom, as I understand it, is something that has no apparent 
existence. As I regard this rule, and as Mr. Nunn has stated, 
it has nothing whatever to do with inductive interference; 
to my mind there is only one thing I can see it has to do with, 
and that is an imaginary physical hazard which does not exist. 

A. H. Halloran: Since the earliest times an honest difference 
of opinion has always been an incentive to progress. Mr. Nunn 
evidently believes that this scientific investigation as to means 
for keeping a proper balance of power in circuits paralleling 
telephone lines, throws the balance of power too strongly in 
favor of the telephone company. Yet it should not be forgotten 
that the power companies have been the aggressors. Telephone 
circuits existed many years before there were power circuits. 
The telephone companies have spent thousands of dollars in 
vainly trying to solve the problem by compensating their own 
lines. Efforts were also made to adjust the matter legally, but 
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it was recognized that the subject is primarily an engineering 
problem. Consequently, while it may be admitted that the 
burden of correction is now laid upon the power companies, 
their representatives on the committee have recognized that it 
is only by the true spirit of co-operation that any mutual under¬ 
standing can ever be reached. The report is admittedly only 
preliminary, and the committee stands ready to make any ad¬ 
justments or corrections which may be found necessary. 

A. J. Bowie: I have been greatly interested in the report 
of the Committee on inductive interference, particularly as 
this deals with a field of investigation about which little has 
been written prior to the present time. Insofar as the find¬ 
ings of the report are based on actual tests and data, it fur¬ 
nishes a very interesting study. 

The letter of transmittal states: “ Therefore the rules are not 
put forth as being final or complete but must be regarded as 
provisional and subject to such change as the results of further 
investigation and experience may determine.” 

However, experience with which the committee is apparently 
not familiar has already demonstrated that their recommenda¬ 
tions on switches and switching are based on a very unsubstantial 
foundation. Quoting from the “ Discussion of Rules,” on Rule 
II, h,i,j: 

The commonly recognized fact that oil switches produce less severe 
transient disturbances in power circuits, affords the basis for the pro¬ 
visions in the rules dealing with switches and switching. 

Quoting from the report itself, Section II, the following rules 
are laid down to govern switches: 

h —Switch Equipment. • A power circuit involved in a parallel shall 
be equipped, between the source of supply and the parallel, with oil 
switches, all poles of which shall be mechanically interconnected for 
simultaneous action. With the exception of stations where an operator 
is constantly on duty, these switches shall be rendered automatic for 
short-circuits, grounds, and abnormal neutral currents. 

i -—Switching. All switching on all parts of a system connected to 
a circuit involved in a parallel, which causes harmful transient disturb¬ 
ances in communication circuits, shall be done by means of oil switches, 

all poles of which are mechanically interconnected for simultaneous 
operation. 

j Use of Air Switches. The use of air switches, on a power circuit 
involved in a parallel, is prohibited except for purposes of isolating sec- 
• tions of dead line, or for disconnecting transformers under no load. 
This applies to the entire power system, any circuit of which is involved 
in a parallel, unless such switching is so remote as not to cause harmful 
transient disturbances in the communication circuits. 

One of the important expenses in the transmission and dis¬ 
tribution of power is the cost of high-tension switches. Air 
switches represent a very material saving to the consumer over 
the cost of oil switches, as their prices will range from about 
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one- thir d to two-thirds of the cost of the latter for switches of 
equal capacity. In addition thereto, air switches effect a still 
more important saving for high-tension work in that they may 
be located out-of-doors, whereas the housing. of oil switches in 
many cases costs as much or more than the switch itself. There¬ 
fore the use of air-break switches will effect a material saving 
to the power companies and hence no rulings of any nature 
should be passed to forbid this saving unless the air-break switches 
produce an extremely bad and undesirable effect which will 
more than offset the great saving from the use of this type of 
switch. Hence it is with great astonishment that I note the 
report in this respect does not pretend to be based on scientific 
tests but on what is termed a “ commonly recognized fact.” 
At one time it was a commonly recognized fact that the world 
was flat and the universe revolved around it. It is unfortunately 
the case in engineering, as in other matters, that theories based 
on insufficient data obtain partial credence and are accepted 
without real investigation. 

By the use of expensive and complicated apparatus it is pos¬ 
sible to establish a very short arc in air in an exceedingly strong 
magnetic field and to make the arc so established set up high- 
frequency oscillations. But to accomplish this result requires 
the use of special apparatus entirely foreign to that used in any 
air switch construction. It is quite possible that an arc produced 
under oil might under similar circumstances become oscillatory 
when sufficient attention is paid to the details of construction 
to accomplish this result. As it is possible to produce an os¬ 
cillatory effect in air many engineers without investigation have 
sincerely believed that the operation of air switches would cause 
a high-frequency surge, and this has resulted m a certain amount 
of prejudice against the use of air-break switches. 

An interesting article has just appeared in the General Electric 
Review of September, 1914, by Mr. W. P. Hammond, Engineer 
of the Northern Contracting Company, giving a description of 
extensive tests on air-break and oil switches, conducted on 
systems of 44,000 and 110,000 volts, opening loads of several 
thousand kilovolt-amperes. These tests fully demonstrate the 
fact that in many respects the air switches are superior to oil 
switches. Quoting from the article: “ In order to get a general 
check on the voltage surge, set up on the load side on opening 
the circuit with an air-break switch, a needle point spark gap 
was connected to two of the phases, set accurately for different 
voltages, and the maximum sparking gap noted for each switch 
under the same load conditions. The same experiment was 
tried on an oil-break switch in the circuit and the maximum 
spar kin g distance recorded when the circuit was opened with 
this switch was greater than with the air-break switch.” This 
shows that oil switches cause a greater surge and rise of voltage 
than air switches. The article further states “ The oscillograph 
records obtained during these tests do not indicate that there is 



1494 


REPORT ON INDUCTIVE INTERFERENCE [Sept. 11 


any high frequency set up on the lines by air switches which is 
especially dangerous to the equipment.” Also, “ The spark 
gap test previously referred to in this article would indicate 
that the surges in the voltage set up by the air-break switch 
are not so violent as those set up by an oil switch, although 
this is not in line with the current opinion.” Also, “ The general 
conclusion drawn from these tests is that the air-break 'switch 
will doubtless replace the oil switches for many uses.” Thus it 
is apparent that the' air-break switches do not set up material 
oscillations in the circuit. The illustration herewith, from the 
above-mentioned article, is an oscillograph record showing the 
conditions when opening a 50,000-volt system and interrupting 
an energy load of 2500 kv-a. with an air-break switch. The 
upper curve represents the voltage on the supply system, and 
the lower curve represents the current. It is of particular in¬ 
terest to note that the current curve tapers off gradually, the 
time of tapering consuming shout six cycles. This is a very 
important consideration in the action of air-break switches, 



Showing Interruption of an Energy Load of 2500 kv-a. 

with an Air-Break Switch 


showing that the introduction of the high resistance of the long 
arc cuts down the current before the moment of final break, 
thus _ lessening the voltage rise over that which occurs with 
an oil switch, where the break is more sudden. The time of 
operation of air switches is in general from one to three seconds, 
provided the switch is not overloaded. The actual time will’ 
of course, depend on the design of the switch, as well as on wind 
conditions. The time given above is a result of a long series of 
observations. 

.The conditions of opening of an air switch are commonly 
misunderstood. A short arc in an air switch will be of relatively 
little resistance so that until rhe arc lengthens materially, 
there will be no substantial change in the current conditions 
over those obtaining prior to the opening of the switch. After 
the arc has lengthened sufficiently, an effective gradual decrease 
in the current will occur and will require only a few cycles. Thus 
for illustration, if it took the switch in question three seconds 
from the time of opening the switch until the arc was extin¬ 
guished, this would last over a period of 180 cycles. During the 
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first 174 cycles, no very material change would take place in the 
conditions of operation over what existed prior to opening the 
switch. During the last six cycles, the resistance of the arc increases 
rapidly, thus gradually diminishing the current up to the point 
of final break. At worst, even if the switch operation does 
affect the telephone lines, the period of such operation is ex¬ 
ceedingly brief, also, the switch operation is in general very 
infrequent on high-tension lines, so that even if severe distur¬ 
bances should be produced, the total time during which the tele¬ 
phone service wmdd be affected in a year would be so. small 
as to be practically negligible in comparison to the saving to 
the companies and consequent saving in the cost of power de¬ 
livered to the consumer. 

From the foregoing the following conclusions are drawn: 

1. Air-break switches will produce less rise of voltage than 
oil-break switches, and hence will not affect the telephone sys¬ 
tem as severely as the oil switches. 

2. No material high-frequency surges are set up on the 
opening of air switches. 

3. The duration of opening of air switches is somewhat longer 
than that of oil switches but the total time of such operation 
is so small as to be negligible in its effect on the telephone service. 

4. The advantages of air switches are very much greater 
than any disadvantages cited. 

I might add further that air-break switches are in use for 
controlling many important lines, among others, the longest 
line in the world, comprising the system of the Southern Sierras 
Power Company, which transmits power from Bishop to San 
Bernardino, a distance of 240 miles. Also, I have installed many 
air-break synchronizing high-tension circuit breakers for syn¬ 
chronizing high-tension lines, and according to all reports 
received the operation in synchronizing is perfect, and does 
not cause the slightest appreciable disturbances of the. system. 

I am sure that everyone will agree in the suggestion that 
before drastic rulings on switching are adopted by any com¬ 
mission, more complete investigations should be made as a basis, 
rather than the unsubstantial basis of c< commonly recognized 
fact.” 

George S. Humphrey: Referring to the paragraph entitled 
“ Minimum horizontal separation,” I question whether the 
last three lines of that really mean very much. It says that 
crossings shall be “ constructed in conformity with the National 
Electric Light Association’s specifications for overhead crossings 
or other approved equivalent which may be agreed to by both 
companies.” As most of you are probably aware, there was 
a resolution passed on this subject at the last meeting of the 
National Electric Light Association. This resolution reads as 
follows: 

Whereas, at the annual convention of the National Electric Light 
Association in the year 1911 there was presented a report by the Com- 
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mittee on Overhead-Line Construction, to which the Executive Com¬ 
mittee then gave its qualified approval, since which time the progress 
in the state of the art and the continued good work done by the Com¬ 
mittee have developed recommendations of better practice which the 
overhead-line-construction committee now presents to this convention; 

Therefore, be it Resolved, That the thanks of the Association are 
due and extended to the Overhead-Line Construction Committee for its 
sacrificing and painstaking efforts, and, in view of the later recommenda¬ 
tions of that Committee, that the heretofore qualified approval of the 
1911 report is hereby rescinded, and that the question of voltage limita¬ 
tion shall be eliminated from any recommendations or reports of any 
committee of this Association, by inference or otherwise, with relation 
to overhead-line construction practices, and that any such recommenda¬ 
tions or specifications to this or previous conventions by any committee 
shall not be sanctioned by this Association. 

This resolution was adopted by the National Electric Light 
.Association in June, and so at the time these rules were pre¬ 
scribed by the Commission, there was not and is not now any 
such thing as “ National Electric Light Association’s Specifica¬ 
tions for Overhead Crossings.” No such specifications are in¬ 
cluded in the Handbook on Overhead-Line Construction, which 
was published at that time. 

1 1 appears. that in defining telephone circuits, telephone 
systems of high-tension operating companies are included as 
a telephone circuit. The term includes any metallic telephone 
circuit operated by any railroad or other company for dispatching 
purposes. I just wondered if private telephone systems of 
transmission companies are included in that definition of the 
telephone circuit. 

In the section of the country with which I am familiar there 
were formerly two telephone systems, and they have lately been 
consolidated. Now almost every important road in the" coun¬ 
try has a telephone line on each side of the road which is owned 
by the same company. I wonder what the recommendation of 
the Committee would be as to where the line of the power 
company should be placed along these roads. 

J. C. Martin: I think Mr. Nunn has covered the practical 
aspects of the question about as well as it can be done. However 
1A standpoint of the experience that I have had in con- 

nection with transmission and distribution problems in the 
Northwest, I have a few suggestions to make. 

The 5000-volt limitation is particularly bad. The company 
that I. am. connected with operates a great many miles of 6600- 
volt circuit. So far as any records we have, or anything that 
we have heard from the telephone companies, show, we have no 
trouble due to inductive interference with properly constructed 
telephone lines. These rules would practically put us out of 
business as far as the 6600-volt line construction and operation 
is concerned. That is especially true because of the rule covering 
transformer connections. Owing to the conditions we have to 
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meet we make very frequent use of the open-delta connection 
and do not operate any of our single-phase transformers without 
grounding the secondary neutral. 

On the question of telephone lines occupying both sides of 
the road: I think here in the Northwest, and I believe in most 
portions of the country as well as the Northwest, you will find 
that every country road has at least one telephone line that 
usually succeeds in occupying both sides of the road, and often 
there are two or more lines that stagger from one side of the road 
to the other. The lines are ordinarily ground return circuits and 
the construction adopted is usually the very cheapest that can 
possibly be used and have the lines stand at all, and no effort 
is made to even install the ordinary telephone protections. . I 
am wondering, with Mr. Humphrey, what would happen in 
case a power company desires to build a line of over 5000 volts 
along such a country road, either in the State of California or 
wherever these roads might be located, and these rules enforced. 
The power company could undoubtedly be forced to rebuild 
such lines completely if these rules were in force. It seems to 
me absolutely unjust to force the power companies to stand the 
trouble that is due in many cases entirely to the poor construction 
of the telephone lines involved. 

Like Mr. Nunn, it appears to me, from the wording oi these 
rules, that a large number of important questions of design are 
ieft to the sanction and fiat of the telephone company; in other 
words, the engineers of the pow r er companies are without any 
voice whatever in the matter as to how their service shall be 
handled or as to the methods or designs they shall adopt to 
best serve their customers. I know that in the territory we 
are serving the burden put upon the company in complying with 
rules of this sort would practically prohibit the serving of a large 
number of our customers and prospective customers. 

Again, the telephone companies are relieved of practically 
all responsibility in the matter and the power companies are 
saddled with the responsibility and expense of avoiding any 
trouble that it may be necessary to take care of. I believe it 
will be conceded that the power companies furnish service that 
is as much of a public necessity as that furnished by the telephone 
■companies. If any action is to be taken, the responsibility of 
caring for the trouble should be divided equally between the 
parties involved, and the telephone companies as a whole should 
be forced to a standard of construction that will be at least equal 
to that maintained by the power companies. 

L. J. Corbett: Entirely apart from the legal aspect of this 
report, I think that we are fortunate in having it before us for 
its value as a technical contribution. It represents the investi¬ 
gations of a committee which was well equipped; it presents some 
of its findings,, and contains certain recommendations which 
do indicate to us how we may avoid interference. 

There is one thing that attracted my attention at first glance 
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sX the pciper, &nd theit is in one or two of the definitions 
the use of the term “ residual.’’ Possibly most of you would not 
take up such a point as this, but at first glance I wondered 
which meaning of residual was intended. I find that it 
refers to the vector sum of the current in the several conductors 
of a power circuit. We are used to thinking of residual as 
something lett over, a residual charge upon a condenser residual 
magnetism in a field, and it seems to me we are using an old 
word for a new idea, which new idea requires a separate defini- 
tion for the old word. It does not give us the idea at once as 
to what is meant, and I wonder if this committee gave any great 
thought to this matter in drawing up their definitions. It would 
seem that a word could be found which would connote the idea 
a little better than this word residual. 

In reference to Mr. Fisken’s question about the series circuit, 
?5 er a suggestion that in such a case, according to 
residual, the entire current of the series system 

voltage^ r6Sldua current and the entire voltage, the residual 

Charles P. Kahler: In the discussion of Rule V the following 
comment is made: 6 

11 The Co “ mittee has undertaken no investigation of cases of par¬ 
allelism with alternating-current railways, but as the seriousness of this 

class of exposure is recognized, it was thought desirable that it be referred 
to specifically. 

However, although the Committee admits that it has made 
no investigation upon which to base any regulations for such 
conditions, nevertheless, it has undertaken to make such regula¬ 
tions, as shown by the following portion of Rule V. 

. j[ n * he preseat state of the art, no means for completely overco min g 
inductive interference from such parallels is known, hence, they are 
to be avoided if possible. 

tufiT h /u eS “ force in the State of Washington, could 
the Inland Empire System be extended if there was a telephone 

or power line m the territory where it is proposed to extend it? 

,$ o t^- U + k K 0Wn that c °usi dera ble study has been made to elim- 
ate disturbances caused by both alternating- and direct-current 
railway circuits, and the latest work and information on this sub- 
ject would indicate that trouble from this source may be over- 

t.o mainT* 1 - 6 faCt that - the - railroad companies themselves have 
to maintain communication circuits makes it necessary to 

provide means to prevent interference with them. It does not 
*+ me P r °P er W add rul es which may cause unnecessary 

such til t0 - an J ^fftrification proposition unless the effect of 
suen rules is definitely known. 

calb ^iii e 7 in: 1 was greatl y P leased with Mr. Nunn’s 
calm, judicial manner m opening the discussion and with the 
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nature of his remarks from the standpoint of a power man. 
Mr. Nunn, I think, has gone right to the quick of the matter 
from the standpoint of the power man, and “ forewarned is 
forearmed.” This thing has been done in California; most of 
you gentlemen are from northern states, northwestern states; 
if such a thing as this is to be put in a legal form in Oregon or 
Washington or Idaho or Montana I am sure there will be before 
the respective commissions of these states very well prepared and 
vigorous opposition, and rightly so, I believe. 

I have great admiration for this paper as a scientific document; 
it puts before us in a very lucid way some things that we all 
wanted to know, but it puts them also firmly before us in a posi¬ 
tive legal way, not bringing out what we may do, but, “ Gentle¬ 
men, how do you like this? This is what you have to do.” 

, It is written by a body of men of undoubted scientific attainments 
and is presented to us as their findings, but presented as their 
findings after those findings have been put into legal form. It 
isn’t here for our discussion as to the merits of the thing from 
an engineering standpoint, it comes as an absolutely closed book, 
and I feel very sorry .for the power companies operating in 
California. 

Mr. Humphrey brings up the point as to what will happen 
in a legal way, or how is one to interpret the situation, if the 
communication company is also the power company, considering 
its own communication lines. Mr. Nunn very clearly stated 
what could be done: The power company can simply sneak 
away from itself out of that “ back door.” That is all right 
and is easy. 

We have a line of our own; I have been troubled with induction 
on that line for some seventeen months. On about fifty 
miles of our power line we had considerable difficulty owing to 
the topography of the country. It passes down along the 
north bank of the Columbia gorge. I have found it absolutely 
impossible, try as I may, up to the present time to neutralize 
the inductive effects on the telephone line. The power line 
is not transposed. However, we have done something else 
than transposing, and it seems to me that the telephone company 
might do the same. I have simply given up all efforts to get 
rid of induction, I have accepted it as a fact, and then looked around 
to see if I could kill it or get rid of it insofar as the receiver of the 
telephone instrument was concerned, and I believe that I have 
succeeded. Now if a power company can succeed surely the 
minor disturbances that arise on the telephone lines can be taken 
care of by the telephone companies. It seems that those slight 
residual effects—I mean residual not in the sense in the paper— 
can still be neutralized. Very briefly, and as an aid to others who 
are having the same trouble, I have learned through the manager 
of the Federal Wireless Telephone Company in Portland of a 
high-power transmitting instrument made by some private 
firm in Seattle, the name of which I shall be glad to give to any 
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one. I have arranged reactors and condensers into a resonant 
circuit at the instrument, and found I could actually neutr aliz e 
the inductive effects of the power line at the instrument. With 
an ordinary transmitter the working current is not strong enough 
to.force through the series impedance of this arrangement. By 
using this high-power telephone transmitter I found I could 
get sufficient amplitude of talking current. I simply mention 
this as a possible relief to other power men who have had the 
same trouble with their own telephone lines. 

. Rogers (by letter): This report is very interesting as 

it covers a subject to which much space in the scientific press 
has been devoted m a qualitative manner, but, like previous 
papeis, it does not give any quantitative results. I realize that 
many more formulas are yet to be derived in order to present 
this subject with mathematical accuracy, such as has been done 
m the calculation of corona losses, and I regret that at least 
one appendix has not been devoted to the calculation of the 
voltage and current induced.in the communication circuits of 
one of the exposures mentioned. In order to present the 
rules that have been recommended, these data must have been 
accumulated, and an appendix containing quantitative informa- 
tion would receive deserved attention and valuable criticism. 

A. J. Bowie, Jr. (by letter): Supplementing my oral discussion 
ot the report of the inductive interference committee, the most 
direct and authoritative evidence on results of opening air 
switches can naturally be obtained from companies making ex¬ 
tensive use of apparatus of this nature. Consequently for 
urther investigation of this subject, I have written to The 
Pacific Power Company, Bodie, California, and The Southern 
Sierras Power Company, Riverside, California, both of which 

companies employ air switches, almost exclusively, for their 
high-tension systems. 

I have addressed the following questions to these companies: 

(1) Have you on your lines any material length of what may be termed 
parallel to the communication circuits? 


(2) To what company do the communication circuits belong? 

(3) Has your company ever received complaints from owners of com¬ 
munication circuits about the inductive effect of your power lines? 

(4) Have any specific complaints ever been received of trouble in com¬ 
munication circuits from switch operation? 

. If S0 ' what is the general nature of such complaints, i.e., as affect¬ 
ing the interference with communication or as affecting any safety or 
any other apparatus connected to their system? 


In reply thereto, I have received the following answer from 

Mr. C. O. Poole, Chief Engineer, Southern Sierras Power Com¬ 
pany: . 

(1) We have several cases that might be used under the term parallel 
to the communication circuits. 


(2) The communication circuits belong to The Pacific Telephone & 
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Telegraph Co., the Southwestern Telegraph Co. and The Western Union 
Telegraph Company. 

(3) We have received several complaints from the Pacific Telephone 
& Telegraph Co., Southwestern Telegraph Co., and the Interstate Tele¬ 
graph Co., of the inductive interference with their communication cir¬ 
cuits. 

(4) We have not received any specific complaints of disturbances 
caused by the operation of air switches. We have, however, received 
complaint from the disturbances of the service caused by the charging 
of the electrolytic lightning arresters. We are preparing to install current- 
limiting resistors whieh will probably reduce the cause for complaint. 

Reply from Mr. W. N. Chatfield, General Manager, The 
Pacific Power Company: 

(1) Telephone lines parallel our transmission line for a distance of 
125 miles, and are on the same poles as the transmission line for a dis¬ 
tance of 66 miles. 

(2) Telephone lines used in connection with power operation and 
not for public use. 

(3) We have received no complaints on account of inductive effects 
on the telephone lines. Naturally there is a good deal of induction on 
the telephone line but not so that it interferes in any way with the opera¬ 
tion of same, and as the line is for our own use, naturally no one has any 
complaint to make. 

(4-5) We have not had any trouble to amount to anything in our 
telephone system caused by switch operation on the transmission line. 

It is greatly to be regretted in making this investigation, that 
the committee did not avail itself of the experiences of some of 
the largest users of air switches on the Pacific Coast. Had it 
done so, I feel sure its report on this subject would have taken 
a very different aspect. 

All the evidence available, shows very strongly that oil 
switches will produce more severe disturbances than air switches 
on their own, as well as on neighboring lines. There is one fea¬ 
ture of the report which is most inconsistent, namely, the 
prohibition of air switches, and at the same time the allowance 
of the use of electrolytic lightning arresters. Prom the very 
nature of the. electrolytic arrester, the breaking of the current 
either when the arrester is being charged, or when the arrester 
is operating, is very abrupt, and . hence very apt to cause un¬ 
desirable effects on parallel lines. To be at all consistent, the 
electrolytic arrester should have been included in the general 
prohibition of the subject of arcs in air. 

Even though oil switches will cause more severe disturbances 
than air switches, there is certainly no reason sufficiently strong, 
at the present time, to render advisable in any way the prohibi¬ 
tion of any special type of switch, and legislation in this direction 
is a definite step backwards. 

Joint Committee on Inductive Interference: The above 
discussion of the report of this Committee discloses many 



1502 


REPORT ON INDUCTIVE INTERFERENCE [Sept. 11 


misunderstandings, some of the clear meaning of the recom¬ 
mendations, but mainly of the scope and the spirit of the Com¬ 
mittee’s work. This scope and spirit may perhaps be best 
expressed in words as follows: 

The State of California must have both electric power and 
electric communication. The former now conflicts with the 
latter and the conflict is becoming more serious year by year 
as the two services expand. ' When the two services approach 
their ultimate development of universal power distribution on 
the one hand and universal communication on the other hand, 
the conflict will greatly hamper the communication service if 
the power service is permitted to expand with no limitation 
of its inductive effects. The greatest good to the greatest 
number, which is in this case the best and cheapest power 
service combined with the best and cheapest telephone service 
to the people of the'State, will be obtained by the imposition 
of such burdens on the power service as will result in improve¬ 
ments to the telephone service greater than the burdens im¬ 
posed. The Committee contends that each of the burdens 
imposed on the power service by the rules recommended will 
result in an improvement of the telephone service to the citizens 
of the commonwealth totally out of proportion to the interfer¬ 
ence of those same rules with power service to the citizens of 
the commonwealth. This view has been kept clearly in mind 
in the formulation of each ruling recommended to the State 
Railroad Commission. 

The Committee admits that “ benefits accrue only to one 
interest while burdens are laid upon the other.” Since by no 
stretch of the imagination can the inductive effects of com¬ 
munication circuits as now operated (wireless excepted) be con¬ 
sidered as interfering with power circuits, the latter will not 
be benefited. No engineer should intimate that such a benefit 
should be sought. The Committee does not admit, however, 
that the burdens are “ extreme hardships,” but contends that 
these burdens will in all cases do more good than harm to the 
public services of the State as a whole. 

Admittedly, “the Commission is led to adjudicate the dif¬ 
ferences and legislate changes in practise from scientific consid¬ 
erations alone * * * * ” and all praise is due the Commission 
for this action. But the Committee submits that there the 
“broader aspects of the issues involved,” viz., equity, inherent 
rights, the evolution of the respective industries, and the policy 
of the public toward its utilities, are all covered by or are subor¬ 
dinate to the principle of the greatest good to the greatest num¬ 
ber. This has been the chief consideration followed throughout. 

The Committee does not agree that the rules “ establish by 
implication the principle of the power industry’s legal liability 
for all possible effects of their circuits,” but does contend that 
they establish in California the power industry’s legal liability 
for unnecessary, unwarranted or avoidable inductive effects 
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where such effects will work hardships materially greater than 
those necessary to avoid them. Neither do the rules establish 
“ the telephone industry’s fundamental right, wherever it may 
go, to an atmosphere free from magnetic influence, regardless 
of degree or priority of presence.” They do establish the tele¬ 
phone industry’s fundamental right, wherever it may have 
metallic interexchange circuits (not subscribers’ circuits), to an 
atmosphere free from inductive influences so great as to cause 
harm more serious than the burdens imposed on the power 
industry by reducing such influence. 

The Committee admits the justice of the criticism (favorable 
or unfavorable) that “ the scope of the restrictions placed upon 
power interests is without tangible limit.” The absolute im¬ 
possibility of determining in the general case, for example, to 
just what extent the residual current in a power circuit can be 
reduced with a burden on the power system less than the benefit 
to the telephone system, makes it necessary to use the expres¬ 
sions criticised, “ closely as practicable”, “ every reasonable 
effort”, “ low as consistent with good practise,” etc.; unfortu¬ 
nately, perhaps, the communication interest is the party best 
able to judge the effects of these intangible quantities and this 
interest has been given in some cases the right within fixed 
limits to specify quantities, on the assumption of co-operation, 
with the Commission as a court in case of disagreement. The 
Committee hopes that its future work will make it possible to 
be more explicit with respect to such quantities as are capable 
of quantitative analysis into burdens and benefits. 

The Committee admits also that the communication interests 
have much of their future life to gain and nothing to lose by the 
investigation and its results, and that the power interests have 
nothing to gain and little to lose as compared to the gains of 
the other party; for which reason the telephone interests have 
contributed to the work more men, funds and equipment than 
have the power interests, and have naturally taken a deeper in¬ 
terest in the work. Admittedly also, the telephone interests 
o,f practically the whole country have been pitted against the 
power interests of California, which in this work were not “ com¬ 
petitive and without cooperative organization.” But the 
Committee. denies that the natural zeal set up by this greater 
incentive has been effective in making its recommendations 
depart from the principle of the greatest good to the greatest 
number. 

A more nearly just criticism is that “ the problem lies no 
more with the cause and its removal than with effects and 
their prevention,” but the Committee has not yet found many 
opportunities for improvement of telephone plant or operation 
because the telephone interests have already made many such 
improvements. 

It is not true that “ none of the expense or burden of this new 
regime falls upon the telephone interest,” The rules recotn* 
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mended cover retransposition of the telephone lines to match 
power line transpositions, which is no small requirement, since 
many telephone transposition points are required for each power 
transposition, and with a heavy telephone lead there must be 
a large number of transpositions at each transposition point. 
It is hoped that the future work of the Committee may develop 
other possibilities of improvement of the telephone plant. 

The more specific criticisms of details of the report are subject 
to the following comments: 

The requirement of wave shape of synchronous machinery 
oes not mean that the power companies of California are now 
using generators of inferior characteristics, nor does it mean 
that “ electrical manufacturers must now evolve a line of 
generators of new design and characteristics for the special 
needs of California trade.” It does mean that due weight should 
m the future be given the matter of wave form from the stand¬ 
point of its possible inductive effect on other circuits. There 
is nothing. extreme contemplated. The Standardization Rules 
°* Institute are set up as the limiting requirements. 

With regard to the exciting current of transformers, investi¬ 
gation will show that the 10 per cent limitation covers all ordi¬ 
nary practise and good design, but excludes densities so ex¬ 
cessive that they might be considered 11 freaks.” 

The lequirement of oil switches rendered automatic for 
abnormal neutral currents far from being beyond mechanical 
possibility, calls only for the addition of the most simple kind 
of an overload trip connected in a circuit of ground potential.* 

« Ih ^ e re £ ar ^ m & line testing in case of trouble does not 
prohibit present prevailing practise’ 7 as far as California is 
concerned, and does not “ require the development of new 
methods and new apparatus for the localization of line faults ” 
but does enforce the best prevailing California practise, with¬ 
out new methods or apparatus. 

The record of hourly measurements of neutral currents is 
called for only at the main generating and substations, at most, 
if not all of which operators are on duty at all times, for which 
reason this rule does not “ in effect seem to require a regular 
corps of attendants at every point of transformation employ- 
mg a ground connection.” ^ y 

Harmonics of either voltage or current in a power system, 
far from being a problem of many years study by engineers 
manufacturers and power companies alike, the solution of 
which might have saved from financial failure many of the 
power ventures of the past decade,” are usually inappreciable 
so far as the operation of the power system itself is concerned, 
and m the few extreme cases where they are so appreciable 
they can be reduced without material .expense. ’ 

* onl y mle a fecting construction at points of close proxi¬ 
mity is not outside the scope of the Committee’s work, as an ' 
examination of that part of the report covering the formation 
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of this committee would show that the Railroad Commission 
called for recommendations “tending to minimize inductive 
interference and ■ physical hazard arising from parallelism of 
different classes of circuits. ” 

The specifications referred to as those of the N. E. L. A. are 
well known in California as those embodied in the joint report 
of the Committee on overhead line construction of the N. E. 
L. A., the High-Tension Transmission Committee of the A. I. 
E. E., the committee on power distribution of the A. E.R. A., 
and other committees, and were referred to by the above ab¬ 
breviated name since the same name is used by the Railroad 
Commission of the State of California in its General Order No. 

26 covering overhead crossings. 

Series arc circuits are not constant potential in character 
and are therefore excluded from the rules under the definition 

of power circuits. . 

The criticism referring to roads with telephone lines, on both 
sides is generally inapplicable, as most such duplication is of 
subscribers 7 circuits, which are excluded. 

Some other criticism might be similarly shown to be due to 
a lack of care in reading the report or of familiarity with the 
subject. 

The criticism of the ruling on the use of air switches has 
been based on an entire misinterpretation of the spirit of the 
work. The Committee, stated that the reason for this ruling 
was the comm.only recognized fact that oil switches produce 
less severe transient disturbances in power circuits. .While 
this may not be true so far as voltage rise in the power circuits 
is concerned, the disturbances which affect by induction neigh¬ 
boring communication circuits are far more severe when air 
switches are used than when oil switches are used. The dis¬ 
turbance of a power circuit due to switching that causes the 
greatest inductive interference is the breaking of one or two phases 
in advance of the other two or one phase. In case of a system 
with neutral grounds this action gives a large momentary, ground 
return current in the power circuit. In case of an isolated 
system this action gives momentary application of full line volt¬ 
age to only one or two conductors, with no. balancing voltage 
on the other conductor or conductors. Either result causes 
inductive effects excessive as compared with normal operation. 
A properly constructed oil switch gives more nearly simultaneous 
interruptions in all poles, hence this inductive effect is of shorter 
duration. The published data on which this ruling, has been 
criticised give the following information on this point: 

The maximum time necessary in which to interrupt the arc in any 
of the 50,000-volt tests was 25 seconds and the minimum 2 seconds, 
the average time for. a large number of the tests being 6 seconds. The 
average time necessary to interrupt the arcs in the 110,000-volt test 
was 7 seconds, the maximum being 16 and the minimum 3. This means 
that the air-break switch requires anywhere from 120 to 1500 cycles in 
which to interrupt a circuit, while the oil switch may accomplish this 
result in half a cycle. (General Electric Review , Sept. 1914, page 868). 
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Other tests on oil switches show breaking of all three phases 
within a small fraction of a cycle. With air switching require- 
ing several hundred cycles to break the circuit, the instant of 
breaking of each phase depends upon atmospheric conditions, 
and the three breaks are separated by far longer time intervals 
than those of oil switches. The excessive residual currents and 
voltages during these time intervals give inductive effects com¬ 
monly described by the telephone colloquialism “ a bat in the 
ear. 5 ’ The Committee has records of many cases of temporary 
injury to hearing, both from air switching, and from the use of 
oil switches not properly interconnected for simultaneous action. 
Members of the Committee represent by far the largest users 
of both air and oil switches on the Pacific Coast and also rep¬ 
resent interests having by far the largest number of parallels 
existing in California, if not in the world. The experience of 
the interests represented amply confirms the scientific bases 
for these rulings. 

A. H. Babcock (by letter): If the minutes of the meet¬ 
ing at which the Joint Committee was organized could have 
been published with the report, certain criticisms, perhaps, 
would have been worded differently. The minutes are too 
lengthy for publication, even in abstract, but the history of 
the organization of the committee as recorded therein is now 
given to show the reasons for the investigation, the spirit in 
which it was undertaken and prosecuted, and the representative 
character of the members of the committee. 

Several complaints had been made to the Railroad Com¬ 
mission by the Pacific Telephone & Telegraph Company, 
against inductive interferences by certain powder companies’ 
circuits. Tests to determine causes and remedies had been 
carried on for two months by the companies involved, working 
with the authority of the Railroad Commission Engineering 
Department. The results promised so much that, at the re¬ 
quest of the chief engineer of the Railroad Commission, a general 
meeting was called “ between representatives of various tele¬ 
phone, telegraph and power companies of California, and re¬ 
presentatives of the Railroad Commission of the State of Cali¬ 
fornia, for the purpose of appointing a committee to conduct 
tests and gather information with reference to.induction matters, 
both applying to cases now before the commission, and generally 
throughout the State.” (Minutes). 

Invitations to appear at the meeting were sent to every 
telephone, telegraph and power company operating within the 
State. Twenty-three companies responded by representative 
appearances. After a preliminary discussion the Railroad 
Commission requested all the power men to meet in one room, 
all the telephone and telegraph men to meet in another room, 
the two groups each to name four men to serve on the com¬ 
mittee, (subject to the approval of the commission), with four 
members of its engineering department staff, and one from the 
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railway interests, not included with either of the two groups 
in adverse interest, because the railways operate both power 
and communication circuits. 

The president of the Railroad Commission in opening the 
meeting above mentioned said, “It is distinctly understood 
on behalf of the commission that we desire to. have this committee 
appointed representing, the power companies and the telephone 
and telegraph companies and this commission, and that of course 
the recommendations of this committee will be very persuasive 
on the commission, but * * * * the commission will formulate 
the rules we * * * * believe we can get permanent results that 
will help us in the future on these matters of construction, and 
we desire it understood specifically that it is to be carried on 
not exactly under the direction but under the supervision of 
the commission with a view of a recommendation to this com¬ 
mission.” 

The personnel of the committee selected is given below. 
Representing Railroad Commission: 

Mr. R. A. Thompson, Chief Engineer. 

Mr. A. R. Kelley, Assistant Engineer. 

Mr. James T. Shaw, Assistant Rate Expert. 

Mr. R. Emerson Hoar, Assistant Rate Expert. 

Representing Railroad Interests: 

Mr. A. H. Babcock, Consulting Electrical Engineer, Southern Pacific 
Company. 

Representing Telephone and Telegraph Interests: 

Mr. A. H. Griswold, Plant Engineer, The Pacific Telephone and 

Telegraph Company. 

Mr. R. W. Gray, Division Superintendent, Western Union Telegraph 
Company. 

Mr. C. H. Temple, General Manager, United States Long Distance 

Telephone Company. , 

Mr. L. M. Ellis, General Manager, Union Home Telephone Company. 

Representing Power Interests: ^ . 

Mr. H. A. Barre, Electrical Engineer, Pacific Light and Power Cor¬ 
poration. 

Mr. Louis Elliott, Engineer, Great Western Power Company. 

Mr. P. M. Downing, Engineer, Pacific Gas and Electric Company. 
Mr. J. E. Woodbridge, Chief Engineer, Sierra and San Francisco 
Power Company. . 

The organization and personnel of the Joint Committee on 

Inductive Interference were approved by the Railroad Com¬ 
mission on January 6, 1913, and the committee thereupon pro¬ 
ceeded with the necessary tests and investigations. 

Since the formation of the committee, through additions, 
resignation or death, the personnel of the commit Lee has changed 

as follows: _ . 

Mr. Louis Elliott resigned and Mr. J. A. Koontz, Engineer 

of the Great Western Power Company, was appointed in his 
place 

Mr. V. V. Stevenson, Electrical Engineer of the Postal Tele¬ 
graph Cable Company, and Mr. L. N. Peart, General Super¬ 
intendent of the San Joaquin Light and Power Company, 
were added to the original membership by action of the com¬ 
mittee. 
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Mr. R. A. Thompson, Chairman of the Joint Committee, 
resigned. Mr. W. C. Earle, his successor as Chief Engineer 
of the Commission, was elected to membership and chairman¬ 
ship. Subsequently Mr. Earle resigned and Mr. Richard 
Sachse, then Acting Chief Engineer, now Chief Engineer of 
the. Railroad Commission, was elected to membership and 
chairmanship 

Mr. L. M. Ellis resigned and Mr. R. W. Mastick, Trans¬ 
mission and Protection Engineer of The Pacific Telephone and 
Telegraph Company, was elected to membership. 

Mr. H. S. Warren, Electrical Engineer of the American Tele¬ 
phone and Telegraph Company, was elected to honorary mem¬ 
bership. 

Mr. James T. Shaw, Secretary of the Joint Committee, 
resigned. Mr. A. R. Kelley was elected to the office of secretary. 
The vacancy in membership created by the resignation of Mr. 
Shaw was later filled by the election of Mr. A. L. Wilson, As¬ 
sistant Rate Expert of the Railroad Commission. Mr. James 
T. Shaw was elected to honorary membership. 

The death of Mr. L. N. Peart created a vacancy in member¬ 
ship which was filled by the election of Mr. J. P. Jollyman, 
Engineer of Electrical Construction of the Pacific Gas and 
Electric Company. 

Mr. A. R. Kelley resigned and the vacancy was filled by 
Mr. A. F. Bridge, Assistant Electrical Engineer of the Railroad 
Commission. 

The Chief Engineer of the Railroad Commission always has 
been Chairman of the Committee. 

The power companies whose officers are. named above are 
the ranking companies of this State, in respect to age, extent 
of system, and magnitude of interests involved. In at least 
these respects they may be compared with any other similar 
interests elsewhere. Their representatives have carried out 
the investigation in a spirit of non-partisan scientific search 
for the facts, and for the remedy of a condition, in a fashion 
that repeatedly has aroused the whole-hearted admiration of 
the other members of the committee. 

The report represents the best efforts of those who signed 
it. Every sentence was studied carefully. Not one was 
passed for final copy until every member had been given full 
opportunity to present his views, and often, the final vote was 
not polled until certain members were satisfied that every man 
present understood the full effect of the vote on both sides of 
the question. In every case the vote was unanimous. 
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PROTECTIVE REACTORS FOR FEEDER CIRCUITS OF 

LARGE CITY POWER SYSTEMS 


BY JAMES LYMAN, LESLIE L. PERRY, AND A. M. ROSSMAN 


Abstract of Paper 

This paper outlines the use and limitations of protective 
reactance coils in feeder circuits. When no feeder reactors are 
used, doubling up the station capacity increases the number and. 
severity of short circuits. The insertion of feeder reactors 
cuts down the severity of a short circuit and practically render's 
the effect local, so that beyond a certain point additional generator 
capacity does not appreciably increase the severity. 

Curves are given showing what the effects of feeder reactors 
are, with and without bus reactors, for. generators of various 
reactances. The advantages that might be gained by parallel 
operation of feeders are discussed and. the difficulties to be en¬ 
countered are pointed out. 


Introduction 

I N a paper entitled “ Protective Reactance in Large Power 
Stations ” presented at the 1914 midwinter convention of the 
Institute, the authors discussed the use and limitations of current 
limiting reactors in generator circuits and in power station bus¬ 
bars. 

It was shown in that paper* that, on a radial feeder system,the 
use of busbar reactors tends to confine the disturbances from a 
short-circuited feeder to that section of the busbars to which 
the feeder is connected. It was also shown, in one example, that 
the use of 3 per cent feeder reactors reduced the amount of 
current flow into a feeder short circuit to 1/4 of what it would be 
without feeder reactors. 

It is the purpose of this paper to discuss, in greater detail, the 
use and limitations of reactors in the feeder circuits of large 
city power stations. 

The methods of deriving the curves of this paper are the same 
as are given in the appendix to our earlier paper. Where ref¬ 
erence is made to maximum values this refers to maximum 
r.m.s. values and not to maximum i nstantaneous values. 

*See Part I, this volume, p. 23. 
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Transient effects are not taken into account by these curves. 
The transient effects can be derived from, the r. m. s. values. 

The Need of Feeder Reactances 

Consider the case of a 225,000-kv-a. power station which 
generates electricity at 11,000 volts. Such a station would have, 
say, 80 feeders each rated at 5000 kv-a. If these feeders average 
three miles in length there would be a total of 240 miles of feeder 
cable installed. If on this system there are five breakdowns per 
100 miles per year, then there might be expected a total of 12 
breakdowns per year on the system, or an average of one break¬ 
down per month. 

If the station capacity and the number of feeders are increased 
50 per cent and the average length of feeder increased 331/3 per 
cent, then the breakdowns will average two per month. If 
all of the feeder cables are tied directly to the power station 
busbars and no reactors are used in either feeders or busbars, 
heavy short circuits occurring within a mile or so of the power 
stations would be felt over the entire system, and might be felt 
with troublesome severity even when occurring at greater dis¬ 
tances from the power station. At times of light load, few ma¬ 
chines are running and the portion of the short-circuit kilovolt - 
ampeies carried by each machine on the system might easily be 
several times the normal load rating of each machine. Evidently 
one or two such general disturbances per month could not be 
tolerated. Properly designed feeder reactors limit the amount 

of short-circuit current in a feeder to such an extent that the 
effect is local. 

Curves 

In order to study the effects of different values of feeder re¬ 
actance several curves have been plotted. 

# Curve Sheet 1 shows the relation between the equivalent 
kilovolt-amperes in a short circuit and the station capacity in 
kilovolt-amperes for six different values of feeder reactance when 
no bus reactance is used. The generators in this case have 
12 per cent inherent reactance. 

Curve Sheets 2 and 3 show similar sets of curves which differ 
from the curves on Curve Sheet 1 only in the values of inherent 

generator reactance, which are chosen at 10 per cent and 8 per 
cent respectively. 

The points of special interest shown by these curves are: 

(a; With infinite generator capacity the equivalent kilovolt- 
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amperes in a short circuit vary inversely as the reactance in the 
feeder circuit. 



Curve Sheet No. 1—Curves Showing Values of Short Circuits in 
Terms of Kv-a. with Feeder Reactors of Various Per Cents 
Inherent Generator Reactance 12 Per Cent without Bus Re¬ 
actors—5000-Kv-a. Feeders. 

(b) The equivalent kilovolt-amperes in a short circuit with 
infinite generator capacity are the same for the three sheets of 

curves. 
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(c) The kilovolt-amperes in short circuit increase more rapidly 
per kilovolt-ampere of station capacity for a small station than 
for a large one. 


Infinite Gen. Cap . 


sJ V V 

45C 

400 

a 

72 

$ 

3 

O 

jE 350 

t 

3 

O 

CC 

500 

o 

X 

CO 

72 

“"2 50 
* 

o 

i 

> 

X. 

1- 

5 200 

t 

3 

O 

u 150- 

■ 




| 

■ 







%Fet 

1 

icier.} 

i 

Tenet 

1 

■ 

| 




| 

■ 


B 

fl 





B 

a 

IB 

| 


I 

B 


b 


B 

B 




B 

a 


IggM 

■ 


1 


■ 

B 


fl 

B 


a 


i— 

ws. 

mm 

■ 

s 

■ 


■ 


■ 

B 

B 

B 

B 

B 

a 

a 

fl 

■ 

a 

IB 



1 


■ 

■ 

B 

B 

B 

fl 

B 

a 

B 

■ 

IH 

| B 



■ 


a 

B 



B 





fj Get 

■h - 

?. Oaf: 

m 

F —~— T ——,- 



1 


B 




■ 

I 

■ 

■ 

eacrc 

u 



Wa 


■ 

B 


a 


-it 


eder 

/?e<7c 

r 

'.ranc 

e 




u 


fl 

a 


a 

E 

B 

a 

-■ 

!nfi 

nite 

Gen. 





u 


■ 



a 



a 

'.%Fe 

_-j 

eder 

Rea cfana 
■1- 1 

? 


H 

B 


B 

s 


a 

■ 

■ 

■ 

icier 

Reac 

fane 

h 

m 


m 

m 


B 

a 


■ 

'ifini 

te 6 

en. Cc 

7p.3\ 

to Fee 

der h 

teact 

Sf 


» 



■ 

B 







m 


■■Ml 

■ 

BBil 

■ 

-r 

y 

1 

"~3%Fe\ 
nfinite G 

i —r 

?der 

en.Ci 

Real 

:fanc 

%Fe 

e 

eder 

Reci( 

zfanc 

iff. ~-y 

100- 

II 

B 

| 


■1 

R| 

s 

m 

mmmt 


■BBBBBI 

HI 

■BBBBBI 

EMI 

h®erh 

B 

pan 

mHI 

HI 

HI 

HI 

m 


Fl 


1 

RRIB 

HI 

■ 

■ 

■l 


r '/7/Ye <5e/7. 

Cap 

5%) 

==F 

■eede 

i 

r Rea 

i 


50- 

i 



■ 

■ 


■ 

er Ri 

?o r crc 

i 

■ 

B 

B 

B 

B 

a 

a 


■ 

1 


■ 

■ 

1 

■ 

B 

B 

B 

B 

B 

B 

B 

a 

a 

0- 

■ 

■ 


■ 


B 

B 

B 


B 

B 

B 

B 

H 

H 

H 

50,000 

100,000 

1 50,000 

? 00,000 

! 50,000 

>00,000 

50,000 - 

_L 

—i 

o 

o 

o 

o 

o 


STATION CAPACITY kv.-a. 


Curve Sheet No. 2—Curves Showing Values of Short Cir¬ 
cuits in Terms of Kv-a. with Feeder Reactors of Various Per 
Cents—Inherent Generator Reactance 10 Per Cent without 
Bus Reactors—5000-Kv-a. Feeders. 

A comparison of similar curves on the three sheets shows that 
the variation in generator reactance does not greatly affect the 
curves. Curve Sheet 4 shows the four curves for 3 per cent (of 
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5000 kv-a.) feeder reactance replotted on the same sheet for 
generator reactance of 12 per cent, 10 per cent, 8 per cent and 
6 per cent, respectively. By comparing the curve for 6 per cent 



Curve Sheet No. 3—-Curves Showing Values of Short Circuits 
in Terms of Kv-a. with Feeder Reactors of Various Per Cents 
Inherent Generator Reactance 8 Per Cent without Bus Reac¬ 
tors; 5000-Kv-a. Feeders. 

generator reactance with that for 12 per cent generator reactance 
the small effect of the generator reactance on the curves is evi¬ 
dent. 


400,000 
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Curve Sheet 5 shows the relation between equivalent kilovolt¬ 
amperes in a short circuit and station capacity in kilovolt-amperes 
with 10 per cent generator reactance and 3 per cent (of 5000 
kv-a.) feeder reactors, under two conditions. ■ Under one condi¬ 
tion no bus reactors are used. Under the other condition 12 
per cent (of 25,000 kv-a.) bus reactors are used. The points 
of interest here are, that where 12 per cent bus reactors and 3 
per cent feeder reactors are used, the equivalent kilovolt¬ 
amperes in a feeder short circuit becomes practically constant 
at 125,000 kilovolt-amperes station capacity, and any further 
increase in station capacity has no appreciable effect in increas- 
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STATION CAPACITY kv-a. 

Curve Sheet No. 4—Curves Showing Values of Short Circuits 
in Terms of Kv-a. with 3 Per Cent Feeder Reactors and Various 
Generator Reactances without Bus Reactors—Three-Phase 
Short Circuits—5000-Kv-a. Feeders. 


ing the short-circuit kilovolt-amperes. Where no busbar reac¬ 
tors, but 3 per cent feeder reactors are used, the short-cir¬ 
cuit kilovolt-amperes increase until with infinite generating 
capacity they become 167,000 kilovolt-amperes. 

Interpreted in another way, when the busbar reactors are 
used, the feeder reactors absorb 75 per cent of the voltage and 
therefore give a 25 per cent drop in voltage on the section of the 
busbars to which the feeder is connected, under the worst condi¬ 
tions of short circuit. This means that all of the feeders connected 
to that section will suffer a momentary drop in voltage of 25 per 
cent. Where no busbar reactors are used, the feeder reactor 
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on the defective feeder will, under the worst conditions, absorb 
100 per cent of the voltage and will pass 40,000 more kilovolt¬ 
amperes, but the voltage of the other feeders on the system will 
not be appreciably affected. If there were no possibility of a 
short circuit on the busbars or between the busbars and the 
feeder reactors and no possibility of a failure of the generator 
windings or connections between windings and busbars, it is 
evident that the use of feeder reactors alone is preferable to 
the combination of feeder reactors and busbar reactors, 
but with these live possibilities of trouble always present, busbar 
reactors should be considered. Whether or not they should 



Curve Sheet No. 5 —Curves Showing Values of Short Circuits 
in Terms of Kv-a. with 3 Per Cent Feeder Reactors, 10 Per Cent. 
Generator Reactance—With and Without 12 Per Cent Bus Re¬ 
actors—5000-Kv-a. Feeders. 

Bus reactance rating based on 25,000 kv-a. Bus reactors located between adjacent 

generating capacities of 25,000 kv-a. 

be adopted depends upon the particular conditions of the system 
under consideration. It is evident that a very large power sta¬ 
tion without either bus reactors or feeder reactors is liable 
to short circuits which will endanger apparatus and service, 
due to the practically unlimited concentration of power in the 
short circuits. 

Effect of Feeder Reactors on Voltage Regulation 

At 0.8 power factor a 3 per cent feeder reactor will cause a 
voltage drop of approximately 1.8 per cent, at 0.9 power factor, 
a drop of approximately 1.3 per cent, at 0.95 power factor a 




1516 


LYMAN, PERRY AND ROSS MAN: 


[Oct. 9 


drop of approximately 1.0 per cent, and at 0.98 power factor a 
drop of approximately 0.6 per cent. 

In large city power stations such as have been considered, there 
is always a considerable amount of synchronous apparatus in 
operation at a high power factor and the voltage drop due to 3 
per cent reactance in their feeders will be low. 

The Parallel Operation of Feeders 

The paralleling of a-c. feeders on a set of busbars at the sub¬ 
station end and the tying together of the different substation 
buses by means of tie feeders between substations would be highly 
desirable on most of our large city systems, if it could be safely 
accomplished. Such a method of operation would allow maxi¬ 
mum facility in the interchange of power between various parts 
of the system, with a minimum amount of cable; the cables be¬ 
tween the power station and each substation would be more 
evenly loaded and the total number of cables could be reduced. 
Because of the cables between substations, the necessity of idle re¬ 
serve cables between power station and substations would be 
eliminated. During the period of peak load on a given substa¬ 
tion, power would flow in over the tie cables from substations 
not carrying their maximum loads ; and later when the conditions 
of peak were reversed the flow of power would be reversed. 

The Effect of Reactance Coils on the Parallel Operation 

of Feeders 

To assist in the study of the amount of short-circuit current 
which can flow into a fault, the series of curves on Curve Sheet 6 
was plotted. These curves can be applied to approximate the 
amount of short-circuit current into a fault on the busbars of a 
power station where busbar reactors are used, or to approxi¬ 
mate the amount of short-circuit current into a fault on or near 
the substation busbars where several feeder cables are connected 
in parallel on the substation busbars with busbar reactors 
between them. 

As applied to the case of a power station, one or two examples 
will be cited. Assume the case where the ratio of generator 
reactance to busbar reactance (a/b) equals 1/3. The corres¬ 
ponding curve is almost constant with three running generators. 
This means a short circuit on any section of the busbars is prac¬ 
tically maximum when the generator on the same section and one 
generator on each adjacent section are in operation, and the 
addition of more generators to the system will not appreciably 
increase the amount of short-circuit current. 
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Where the busbar reactance and generator reactance are equal 
{a/b = 1/1) the maximum value of current is nearly reached 
with five generators running. 

In applying the curves to a substation, consider the following 
concrete example: 

. Consider a case in which the inherent reactance in each feeder 



Curve Sheet No. 6 

equals 1 per cent, artificial reactance equals 3 per cent, and bus 
reactance equals 3 pel* cent, all based on 5000 kilovolt-amperes. 
Then if a short circuit occurs on or near the substation busbars 
the kilovolt-amperes flowing in over the short-circuited line equal 

or 125,000 kv-a. a/b = 4/3 = 1.33. From curves, by 
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interpolation, x/y = 0.75. Hence, the kilovolt-amperes flowing 
over each adjacent bus reactor equal 0.75X125,000 = 93,750 
kv-a. and the total kilovolt-amperes flowing into the fault 
= 125,000 kv-a. + 2X93,750 kv-a. = 312,500 kv-a. 

The 93,750 kv-a. flowing in over each bus reactor are com¬ 
posed of two components, one flowing in over the second 
reactor and the other over the adjacent line. These also bear 
the relation to each other of x/y (= 0.75). Hence, over the sec¬ 
ond reactor there flow in 40,180 kv-a. and over the adjacent 
feeder 53,570 kv-a. 

In this case with 125,000 kv-a. flowing into the fault from the 
feeder on the same section with the fault, and 53,570 kv-a. 
over each adjacent feeder, it is probable that all three of these 
feeders will go out at once and these will be followed by the other 
feeders in the substation. 

Consider another case in which the total reactance in the feeder 
is as high as 10 per cent, and the bus reactance is also 10 per cent. 
(Both based on 5000 kv-a.). Then, in case of a short circuit on 
or near the substation busbars, the kilovolt-amperes flowing in 

over the line equal or 50,000 kv-a. a/5 = 1. From the 

curve, x/y = 0.62. Hence, kilovolt-amperes flowing over each 
adjacent bus reactor = 0.62X50,000 = 31,000, and the total 
kilovolt-amperes flowing into the fault = 50,000 + 2X31,000 
= 112,000 kv-a. 

The 31,000 kv-a. flowing in over each bus reactor are com¬ 
posed of x and y components bearing the relation x/y = 0.62, 
Hence, over the second reactance there flow in 11,850 kv-a. 
and over the adjacent feeder, 19,150 kv-a. 

In this second case 50,000 kv-a. flow in over the feeder con¬ 
nected to the .faulty section of the busbars, while 19,150 kv-a. 
flow in over the adjacent feeders. It is therefore probable that 
with the ordinary relay setting, all three of these feeders will 
go out at nearly the same time and that these will be followed 
by others. Furthermore, such large reactors in feeders and 
substation busbars would have a serious effect on the voltage 
regulation of the system, and would in a large measure defeat 
the purpose of their installation, viz., to permit the free inter¬ 
change of power between different parts of the system. 

Another arrangement of feeder reactors would be to place 
reactors at both ends of the feeders and omit the reactors 
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from the substation busbars. This scheme would be more 
objectionable than the one discussed above, because a short cir¬ 
cuit on the substation busbars would be fed by the several feeders 
in parallel, and, if these feeder circuits were all alike, the 
kilovolt-amperes flowing into such a short circuit would be 
directly proportional to the number of feeders connected to the 
substation busbars. 

Several power stations of about 50,000-kv-a. generating capac¬ 
ity are operating today with feeders tied together at the substa¬ 
tion end. In several of these stations it has been noticed that a 
severe feeder short circuit usually trips out several feeder switches 
and sometimes causes a general interruption to service. 

The above analyses show that even on feeders from a very 
large generating station, feeder reactors of moderate size 
effectively limit the amount of current flowing from the power 
station end into a short circuit on the feeder. On the other hand, 
if this feeder is one of a number of feeders connected in parallel 
at the substation end, a short circuit will have a back feed from all 
* of the other feeders connected to the substation busbars. The 
amount of kilovolt-amperes flowing over these other parallel 
feeders is likely to be sufficient to trip out part or all of the oil 
switches on these circuits. 

Summary 

In a large city power system, the miles of underground cable 
and consequently the cable faults increase at a faster rate than 
the generating capacity. The severity of short circuits also in¬ 
creases with increased generating capacity. Feeder reactors 
are particularly effective in reducing and localizing the effect of 
such short circuits. When properly proportioned feeder reac¬ 
tors are used, an increase or decrease of generator reactance has 
only a limited effect on the amount of kilovolt-amperes flowing 
into a fault. Bus section reactors in the generating station in 
connection with feeder reactors still further reduce and local¬ 
ize these effects, even when it might be more desirable to distri¬ 
bute their effect if other conditions permitted. 

It would be desirable for many reasons to operate feeders 
in parallel at their substation ends, but such operation tends to 
increase greatly the kilovolt-amperes flowing into a feeder short 
circuit and to cause other feeders besides the one affected to trip 
out when overload relays with the usual settings are used. 
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USE OF REACTANCE WITH SYNCHRONOUS CONVERTERS 

An Insurance of Continuity of Service and a 

Protection of Apparatus 


BY J. L. MCK. YARDLEY 


Abstract of Paper 

The paper presents the results of overload and short-circuit 
tests made about two years ago upon some synchronous converters 
in circuit with auxiliary reactors. 

Two entirely separate sets of tests upon two synchronous con¬ 
verters of widely different operating characteristics are described. 

In the one case the reactor is in the a-c. circuit and in the other 
in the d-c. circuit; yet in each it may be called, and in fact is, a 
protective reactor. 

In presenting this original information the author, with a 
view to indicating its commercial application and hoping to pro¬ 
voke discussion, has endeavored to divide synchronous converter 
installations in a general way into classes with respect to the 
need or desirability of employing protective reactance, and 
also with respect to the general design or type of the reactor 
to be employed. In order to do this, synchronous converter in¬ 
stallations are divided into a few general classes with respect to 
the character and exactions of the service conditions under 
which they are required to operate. 

The paper was written shortly after the tests were made, but 
although much has been learned or written about protective re¬ 
actors since that . date, the author believes nothing has trans¬ 
pired to affect the value of these tests or to make it necessary to 
change the form in which it was originally intended to present 
them. 

S YNCHRONOUS converter installations considered with 
regard to the relative importance of service and apparatus 
may be divided into three classes: 

, I. Installations where it is of prime importance to keep 
voltage on the lines at all times. 

II. Installations where heavy overload sare frequent but 
where, to protect apparatus and accordingly maintain service, 
the voltage may be allowed to drop off during the overload. 

III. Installations where high momentary overloads are fre¬ 
quent, unattended by appreciable voltage drop, but where brief 
even though comparatively frequent interruptions to service are 
not objectionable in order to protect apparatus. 

I. Installations of the first class are found feeding the network 
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of circuits forming the distribution system of a metropolitan 
lighting and power company. Here the aggregate of power 
handled is the largest found in any power systems. The generat¬ 
ing, transforming and converting stations are of the largest and 
most highly concentrated. The customers are the most num- 
erous and the most widely distributed. The service required 
is the most varied in quality and quantity. 

In such a system, handling an -enormous aggregate of power, 
there is a large demand for service every hour of the twenty-four, 
every day in the year. Any failure, of however brief duration, to 
supply this demand means a great aggregate loss to the customer 
in money and. convenience. In such a system, where immense 
quantities of power are generated in a concentrated generating 
station or group of stations, passed out through diverging feeders, 
transformed and converted in a plurality of substations and 
finalfy delivered 24 hours per day through a multiplicity of cir¬ 
cuits to the ultimate consumer, the secret of satisfactory service 
lies in the smooth and orderly working of the various parts of the 
system. The difficulties in the way of securing uniform opera¬ 
tion of such a quantity and variety of apparatus have been, over¬ 
come only through great engineering skill.. The method of 
operation is carefully prearranged and the various pieces of 
apparatus are started and stopped according to a schedule so as 
to make the service continuous. It is a tremendous undertaking 
to start and place in normal operating condition all the apparatus 
on the system when once it has been shut down. The utmost 
perfection of cooperation between men is required. A very se¬ 
vere strain is placed upon the power company’s apparatus, while 
the delay and loss to the consumer incident to interruption is 
absolutely prohibitive. It becomes, therefore, a matter of neces¬ 
sity to maintain voltage on the customers’ circuits at all times. 

The direct-current feeders are interconnected at many points. 
A short circuit or ground on one feeder would trip out the overload 
breakers at a number of stations and thereby completely remove 
voltage from a comparatively large section of network. It is, 
therefore, considered preferable to omit automatic tripping fea¬ 
tures in the d-c. feeders. A short circuit or ground must, there¬ 
fore, burn itself free or be eliminated only by some of the a-c. 
circuit breakers or apparatus letting go. In some of the very 
largest systems, the current-carrying capacity of the largest 
feeder is so small compared to the momentary overload capacity 
of the feeders to which it is tied, and of the apparatus supplying 
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them, that the trouble almost immediately clears itself. The 
total voltage is available at the scene of trouble. An arc of 
such magnitude is formed in consuming this voltage that the 
trouble shortly burns through. The voltage being consumed in 
the feeder having the fault, the remaining feeders continue 
supplied with scarcely reduced voltage and the apparatus run¬ 
ning from them is scarcely affected. In these systems the trouble 
clears itself without seriously overloading the substation appara¬ 
tus. In case the trouble should exist in the immediate vicinity 
of a substation so that substation would tend to carry the entire 
trouble, that substation would be saved from damage by the 
tripping out at the generating station of the a-c. supply feeders. 
The trouble would then, if it lasted long enough, be thrown on the 
remaining substations, which would more or less equalize it, and 
on account of their great capacity would be able to carry it until 
it cleared itself. There is, accordingly, no need of protective 
reactance in a substation of this character. 

In systems of this general character but of somewhat smaller 
dimensions the current capacity of the largest feeder bears a less 
desirable ratio to the overload capacity of the feeders and ap¬ 
paratus supplying it. There are three immediate results: 

(a) The trouble does not clear so quickly, as the current at the 
reduced voltage available at the trouble is not so great. 

(b) The voltage on the other feeders falls off appreciably from 
the normal condition. Lights dim and motors slow down, but, in 
general, all apparatus continues to operate and a general shut¬ 
down does not result. The apparatus on the particular feeder 
in trouble probably stops owing to the greatly reduced voltage. 

(c) Greater momentary overloads are thrown on all the supply 
apparatus. It is important, therefore, to give the apparatus 
characteristics such as to enable it to withstand these overloads 
satisfactorily. 

The converting apparatus is usually a synchronous converter, 
though in some installations motor-generator sets are employed. 
These motor-generator sets have not the momentary overload 
kilowatt capacity of the converter. Usually the motor will 
pull out of step before the generator is dangerously overloaded. 
The synchronous converter will, in general, carry several times 
more kilowatt load than the motor-generator set before dropping 
out of step. It will carry so much overload before failing in this 
respect that the effect upon commutation must be considered. 
In the case of a shunt-wound motor-generator set, owing to the 
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poor voltage regulation of the generator, the current which can be 
commutated before the motor pulls out approaches more nearly 
the value of current which can be commutated by the converter. 
Some tests which will be given later on show that it is possible to 
throw six times normal full load current on some converters be¬ 
fore they will flash over. It is obvious, however, that the actual 
possible limit of the converter is not the limit which must be 
observed in a commercial case. Assuming, therefore, that the 
converter will carry 400 per cent normal load current for a time 
comparable to that required for d-c. line trouble to burn itself 
free, it remains to equip the converter with auxiliaries which will 
enable it to escape all load in excess of this amount. There are 
several ways in which this may be accomplished when it is first 
known how much the voltage must be reduced. 

1. In the case of a booster or split-pole converter the voltage 
can be lowered to the full buck value at any desired overload by 
means of relays in .the d-c. circuit actuating the voltage-control¬ 
ling element of the converter. On account of the time element of 
the relays and rheostat and the magnetic lag in the iron circuit 
of the converter this method is probably not quick enough. 

2. A resistance short-circuited by a circuit breaker may ’be 
placed in the d-c. lead. The breaker would be tripped at some 
fixed value of current and the resistance placed directly in circuit. 
Owing to the time element of the ordinary overload circuit 
breaker this method is probably not quick enough. 

3. With reactance placed in the a-c. circuit, a series field can 
be added to the main poles acting in opposition to the shunt 
winding, so that the power factor becomes badly lagging on over¬ 
loads and the reactance produces a drop in voltage. This in¬ 
volves a series field on the converter, and the overload capacity 
of the converter is further limited by the wattless armature 
currents caused by the overload current in the series field. 

4. A larger amount of permanent reactance may be placed in 
the a-c. circuit so that, even with a shunt-wound converter and 
approximately constant power factor, a great drop in voltage 
will occur at large overloads. 

The fundamental objection which has been raised to apply to 
this last method as well as to the other methods suggested is 
that, owing to the inertia of the rotating part, the synchronous, 
converter, in common with the direct-current generator, delivers 
an instantaneous direct current when the resistance of the ex¬ 
ternal d-c. circuit is suddenly reduced, which can not be reduced 
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by any of the means suggested and which, particularly in the case 
of the converter, is likely seriously to affect the commutation. 

Without debating this question, it is proposed to state that 
with a reactor of the air-core or unsaturated type in the a-c. 
circuit, there is no question but that the voltage drop across the 
reactor will follow instantaneously and exactly the alternating- 
current variations. It follows that, if the alternating current is 
at all times approximately proportioned to the direct current, a 
reactor may be employed in the a-c. circuit to limit the overload 
current which the converter can deliver. 

Assuming a reactor of 30 per cent, the voltage impressed at 
the collector rings under several conditions of load is shown by the 
side A in the triangles of Pig. 1. The effect of the varying reac¬ 
tive drop B is to vary the phase angle of the voltage impressed at 
the collector rings. The converter must therefore be well equip- 

No Load Full Load 100% 01. 200% O.L. 140% O L. 

C = 

B = 

A z CoU. R'mg Voltage, 8 - Reactive Drop C= Line Voltage 

Fig. 1—Synchronous Converter—Effect of 3 per cent 
Reactance in the A-C. Supply Circuit 

ped with dampers so as to follow closely these phase variations. 
The line voltage is the constant vertical line C. 

With these factors in mind, it is proposed to describe some tests 
which were made to determine the suitability of reactors for 
such service in connection with a converter under a certain,set 
of known conditions. 

A certain 250-volt three-wire Edison system enjoying the 
enviable record of having maintained voltage on the bus over a 
long period of years was the subject of this study. Ordinary 
feeder troubles have drawn the substation bus voltage down to 
180 volts or 200 volts. In one or two cases of very severe trouble 
the bus voltage has been drawn down to approximately 160 volts, 
that is, to 64 per cent of normal, before the trouble cleared itself 
without a general shut-down. The amount of reactance required, 
therefore, for a converter on this system is such as will draw down 
converter voltage to 64 per cent of normal before the overload 
exceeds the limits of the converter. 
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A 250-volt converter was not available, but a 280-volt, 1000-kw., 
two-phase, 60-cycle, 600-rev. per min. commutating-pole booster 
converter with voltage range of from 240 to 320 d-c. was available. 
This converter was wired up to a bank of three-phase-two-phase 
transformers, in the circuit to which were placed three air-core 
reactors. The converter was loaded on rack resistors. The 
load was thrown on by closing a knife switch and was tripped off 
by means of a d-c. circuit breaker. One element of the oscillo¬ 
graph was arranged to show the voltage of the a-c. supply circuit 
oiitside of the reactance coils, for the purpose of showing that to 
a large degree the reduction of the d-c. voltage came about in¬ 
dependently of any reduction in the voltage of the supply circuit. 
The other two elements of the oscillograph were arranged to show 
the direct current and voltage, which are the quantities of particu¬ 
lar interest in determining the effect of the reactance. There was 



Fig. 8—Connections for Current-Limiting Reactance 


approximately 30 per cent reactance in the circuit in coils and 
transformer. There was a drop of not more than 5 per cent in the 
line voltage; but, due to the reactance and a large resistance drop 
in the converter, transformers and leads, the converter direct 
voltage at 8600 amperes output—that is, at 2.4 normal load—was 
reduced 50 per cent, to 140 volts. See Figs. 2, 3 and 5. Figs. 4. 
and 6 show the record of a second oscillograph. Fig. 4 was taken 
simultaneously with Fig. 3, and Fig. 6 with Fig. 5. They show 
the low-tension voltage at the collector rings and the voltage 
across the reactance coil in the high-tension circuit. Fig. 5 was 
taken to see if the hunting would dampen out, and the load was 
held a total of 8 4/5 seconds, which is much longer than the aver¬ 
age line trouble takes to clear itself. 

The synchronous converter employed was provided with rel¬ 
atively^ inefficient dampers, and there was marked hunting at 
approximately 80 alternations per minute when load was first 
thrown on, owing to the shift in phase angle of the voltage im- 
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pressed at the collector rings. There was severe sparking at 
intervals corresponding to the period of hunting, which prac¬ 
tically died out as the hunting ceased. The sparking was not 
so severe but that the load might very probably have been fur¬ 
ther increased or the reactance reduced, without exceeding the 
flashi n g limitations of the converter even with its ineffective 
dampers. This hunting and sparking would have been greatly- 
reduced and possibly entirely eliminated if the converter had 
been provided with a damping winding of better design. There 
was no appreciable instantaneous d-c. generator effect, as the cir¬ 
cuit was closed, which could be separated from the hunting action, 
and the tests were considered by a large number of engineers who 
witnessed them to show very conclusively the value of reactance 

used in such an application. _ _ 

II. The substations on large or medium size interurban rail¬ 
way systems are in the class of installations which are subject 
to heavy overloads, where it is, in general, satisfactory that t e 
voltage on the lines shall drop off and vary considerably during 
the overloads in order that the supply appaiatus may be pro 
tected from injury. The size of the individual piece of convert¬ 
ing apparatus is small compared to the capacity of the trans¬ 
mission system of trolley wires and feeders, though it is sti 
large compared to the maximum momentary overload likely 
to be thrown on it. This is owing to the number of converter 
substations which will be in parallel and will divide any abnormal 
overload. In the case of a short circuit or ground on a. d-c. 
feeder, there is great likelihood that the trouble will bum itse 
free as’ in the first class of systems, the capacity of a single feeder 
or trolley wire being small, relative to the size of the whole system. 

These systems are large enough to have carefully worked out 
train schedules and to require close adherence thereto.. Uni¬ 
formity of trolley voltage is therefore an important requisite an 
the supply apparatus is given a voltage characteristic which con¬ 
tinues to rise for all moderate overloads. In many cases com¬ 
pound-wound converters with suitably chosen series field and 

reactance are employed. ’ . 

With a shunt-wound converter considerable voltage variation 

would be experienced unless the a-c. and d-c. reactance and re¬ 
sistance drops should happen to be quite small. With consider¬ 
able series field and unsaturated reactor, a converter would con¬ 
tinue to take on load, owing to its approximate straight-line rising 

voltage characteristics, and some means must be supplied to pre- 
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vent this load from reaching ,a value under abnormal conditions 
which would be injurious to the converter. There are disadvan¬ 
tages in having this protection in the form of a circuit breaker, 
since such a form of relief simply throws a greater overload upon 
the remaining converters on the system when one trips, and 
a general shut-down may result. It is much preferable to have 
the converters in each substation protected in such a manner 
that, in case a short circuit, grounded feeder, or abnormal load 
due to the bunching of cars occurs at any point of the system, the 
converters in the immediate vicinity will continue on the line, 
carrying all the overload they are able to carry. By providing 
a voltage characteristic which will droop before the critical 
safe overload is reached* the excess load is automatically dis¬ 
tributed among the converters elsewhere on the system without 
actual interruption of service or drop in trolley voltage such as 
need affect the time schedule. The drooping characteristic 
on overload is obtained by employing a saturating iron-core 
reactor. Iron-core reactors have been installed in some of 
the largest substations in the country to equalize the load be¬ 
tween transformer synchronous converter units having different 
inherent regulation characteristics. The use of them to divide 
the load between the different substations of a system, and by 
the voltage drop they produce thus to protect the individual 
substation apparatus from injury, thereby tending to secure 
continuity of service, is therefore but a wider application of the 
well-known functions of a well-known piece of apparatus*. 

III. The substations on small and medium size interurban 
railway systems are in the third class of installations. One con¬ 
verter supplies a comparatively long section of trolley line on 
which there is a comparatively small number of cars running 
at relatively long, intervals. The drop in trolley line and feeder 
to points distant from a substation is considerable. Additional 
drop in reactance would be objectionable under normal operating 
conditions. The converter should have a rising voltage charac¬ 
teristic, therefore, to take care of the normal operating condi¬ 
tions. It must, however, have some protection from d-c. short 
circuits and abnormal overloads, particularly when these occur 
close to a substation. The overloads have a maximum so much 
greater than the average load and are, relatively, so infrequent 
that neither of the two previous methods of protection is best 
adapted. In this case it is necessary actually to get the converter 
off the line to prevent damage. The bigger the momentary 
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overload which can be carried before tripping off, the better, but 
momentary interruptions are not serious (particularly as in such 
a system the feeders and trolley wires are usually sectionalized 
so that a trip-out at one substation does not mean an interruption 
on the whole system) and the converter must be protected, at 
a temporary expense to service if necessary. 

There is a limit to the current which any commutating machine 
will commutate without flashing over. This limit of instanta¬ 
neous commutating capacity is usually way above the permissible 
capacity for any appreciable time limited by armature heating. 
The breaker may then be set considerably above any guaranteed 
overload value on such a system as we are now discussing, where 


the overloads, though very great, are very brief. A converter 
will also usually carry a much greater load momentarily than it 



will permit to be tripped off 
without flashing. Now there 
are certain auxiliaries which 
will greatly increase the 
severity of the short circuit 
to which the converter may 
be subjected without feeling 
it. If it is possible to throw 
overloads of five to six times 
normal on a converter before 
it will flash, the auxiliaries 
must prevent any excess be- 


Fig. 9 —Time of Opening of 1600- 
Ampere, 600-Volt Circuit Breaker 


yond that amount. These 
auxiliaries consist of a re¬ 


actor to introduce a time element in the rise of current 
when the short circuit is established, and a quick-acting 
circuit breaker. These two must be proportioned so that the 
trouble will be cleared before the current has reached a value 
which the converter can not safely commutate nor stand being 
tripped off. The reactance must be of the air core or unsaturated 
type and the breaker must necessarily be quite different from 
the ordinary d-c. carbon circuit breaker, which has a very ap 4 - 
preciable time element. 

The ordinary carbon type d-c. circuit breaker has a time ele¬ 
ment which would require a prohibitive amount of reactance. 
Curve Fig. 9 gives the time element of an ordinary circuit breaker 
of 1600 amperes capacity. This gives the time for the mechani¬ 
cal operation only. Figs. 12-15 show the time taken by such a 
breaker to open the circuit. 
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The high-speed circuit interrupter as developed by Messrs. 
Fortescue and Mahoney consists essentially of an ordinary single¬ 
pole breaker, the parts of which are accelerated by means of a 
heavy steel spring. After the spring has ceased accelerating, 
the momentum of the moving parts is gradually absorbed by 
means of a dash pot, so that the mechanism is not injured by 
sudden stopping. The breaker is provided with magnetic 
blow-outs and a special condenser-operated tripping device, the 
moving parts of which are designed to have a minimum of fric¬ 
tion and moment of inertia. 

The operation of the tripping device depends upon well known 
characteristics of a direct-current circuit, as follows: Under steady 
conditions of load the only resistance offered to the flow of cur¬ 
rent is the ohmic resistance of the conductor. If the circuit 
were absolutely non-inductive, current changes due to change of 
resistance would take place at an infinite rate, but due to the fact 
that inductance is always present in any circuit, the current takes 
an appreciable time to reach a definite value. This is due to the 
e.m.f. set-up by the inductance, which is proportional to the rate 
of change of the current, and is in opposition to the impressed 
e.m.f. of the circuit. Thus if Jo be the current in a circuit 
whose resistance is R 0y if the resistance of the circuit be suddenly 
changed to j?i, the e.m.f. of self-induction must be equal at the 
instant of change to J 0 (. Rq - Ri). The back e.m.f. of self-in¬ 
duction is therefore in a measure proportional to the severity of 
the short circuit. If a condenser connected in series with an 
electromagnet be shunted across the circuit, when the sudden 
overload or short circuit takes place there will be a drop in the 
e. m. f. across the condenser due to the inductance of the lines 
between the source of e, m. f. and the point at which the con¬ 
denser and magnet are connected, proportional to J 0 (Rq - Ri), 
and the condenser will discharge through the magnet. By using 
a proper value of capacity the magnet may be made to oxoerate 
at any required value of this back e. m. f., provided that Ri be 
not greater than a certain value, which depends on the line .con¬ 
stants of the circuit and the periodicity of the condenser and mag¬ 
net. Should R\ be greater than this value the trip will not 
operate, because it requires an appreciable time for the energy 
set free from the condenser to be transformed into mechanical 
energy in the magnet, and when Ri is large the back e.m.f. 
lasts for a very short period. The tripping action is thus not only 
dependent upon the rate of change of the current but also on the 
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Fig. 7—280- Volt, 1000-Kw., 60-Cycle Commutating-Pole Syn¬ 
chronous Converter 


Fig. 10—Two 
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750-Volt, 60-Cycle Synchronous Converters 
Connected in Series 
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final value of the resistance. It may therefore be depended on 
to open the circuit only when the final value of the current 

would be such as to endanger the circuit. 

For slowly varying currents, such as those due to the ordinary 
overloads, the regular overload tripping arrangement must be 
included in the breaker, as the condenser trip fails to operate 
under these conditions. 

In case the current increases at such a rate that the ultimate 
value when the circuit breaker opens will be such as to endanger 
the circuit, additional inductance may be introduced in the cir¬ 
cuit between the source of e.m.f. and the point at which the 
tripping gear is connected. 

A series of tests was made to determine how severe a short 
circuit a synchronous converter would stand without flashing 
when protected by this quick-acting breaker and suitable 



Fig. 11—Synchronous Converter with Quick-Acting 

Breaker and Reactance 


operating reactance. The converter shown in Fig. 10 was used. 

This is a 1500-volt, 60-cycle set consisting of two 750-volt con¬ 
verters mounted on a common bed-plate and connected electri¬ 
cally in series. The armatures are mechanically separate, though 
a single bearing housing is used between them. The set is rated 
at 600 kw., 1500 volts, or 500 kw., 1250 volts, that is, it has a full¬ 
load current of 400 amperes. It is three-phase, with a speed of 
1200 rev. per min. The oscillograms are marked 400 kw., 
though the machine will meet the higher ratings without exceed¬ 
ing standard temperature guarantees. The connections for test 
were made as per Fig. 11. 

The oscillograms are shown in Figs. 12 to 22, Fig. 22 simply 
giving the time for Figs. 12 to 21. It shows a 25-cycle wave taken 
with the film run at the same speed, and is of no other value. 
The d-c. circuit of the converter was closed by means of a knife 
switch as shown in Fig. 11, the load consisting of resistance 
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which could be varied in amount. The reactor, of air-core 
type, was so constructed that its reactance could be varied by 
placing the sections in series or parallel. 

In the first tests, as shown by Figs. 12 to 15, the quick-acting 
circuit breaker was omitted and the circuit was opened non- 
automatically by means of the carbon circuit breaker after a 
period long enough to determine whether the load itself would 
immediately result in flashing. For Figs. 12 to 14 one element 
of the oscillograph was connected as indicated by dotted lines in 
Fig. 11, to show the voltage across the resistor and choke coil. It 
will be observed from Fig. 12 that approximately 2100 amperes or 
525 per cent normal load current was thrown on and tripped off 
this converter without flash-over. Figs. 13 and 14 show duplicate 
tests under heavier short-circuit conditions. The direct current 
rose to a steady value of 2600 amperes and the converter flashed 
w r hen the circuit was tripped. Fig. 15 shows test under the same 
conditions except that the voltage element of the oscillograph 
was changed to the full iine position in Fig. 11 so as to give the 
machine voltage. In these tests the final direct current was, of 
course, limited only by the total resistance in the d-c. circuit, 
although the effect of the reactor in retarding the rise and fall 
of the current is very noticeable from the films. 

For the tests shown by Figs. 16 to 21, the quick-acting breaker 
was in circuit. The object of the reactor in connection with 
this breaker was to so affect the rate of increase of current that 
the breaker would be able to trip out before the current reached 
such a value as to cause flashing. Fig. 16 shows a test under the 
same short-circuit conditions as Fig. 15. Figs. 17 and 18 are 
with reduced resistance in the short-circuit path. As shown by 
Fig. 19, the resistance was then reduced to approximately 0.1 
ohm. The quick-acting circuit breaker started to open the cir¬ 
cuit and then arced across the terminals and short-circuited, so 
that the current—3500 amperes—was practically the same as 
though the quick-acting breaker had not opened at all. The quick¬ 
acting breaker was simply an experimental breaker and did not 
have the proper insulating clearances which would be given a 
commercial breaker to meet such conditions. The converter of 
course flashed over, as would be expected, when the circuit was 
finally tripped by hand. The next test, as shown by Fig. 20, 
was made with no resistance except that of the cables and the 
reactance coil, which latter amounted to 0.23 ohm, in the exter- 
• nal circuit. The impedance was increased to 13 ohms. The 
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last test, as shown by Fig. 21, was made with the choke coil re- 
sistance of 0.05473 ohm and the cable resistance only in the exter¬ 
nal circuit and the impedance reduced to 0.903 ohm. This test 
was made for the purpose of showing how quickly the current 
would rise under such a short-circuit condition. The breaker 
opened as in Fig. 19 but arced across terminals and short-circuited, 
causing a final flow of current of 3900 amperes. It is interesting 
to note that the converter carried this 975 per cent current load 
at approximately 700 volts without flash-over, although it of 
course at once flashed over when the load was tripped off. 

These tests are described to establish the fact that, if a prop¬ 
erly designed quick-acting circuit breaker be used, and the proper 
amount of reactance be placed in the d-c. circuit, it is impos¬ 
sible to flash a converter over, as the circuit breaker will trip 
out the circuit before the current approaches the tripping out 
flash-over value. As shown by Figs. 12 and 13, this flash-over 
value for this particular converter is somewhere between 2100 
and 2600 amperes. It is interesting to mention that as far as 
this particular converter is concerned there is scarcely need of 
such protection under the particular test conditions. The tests 
were made one right after the other and whenever the converter 
flashed over the commutator and brushes were so slightly burned 
that it was unnecessary to do any work on them between tests. 
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Discussion on “ Protective Reactors for Feeder Cir¬ 
cuits of Large City Power Systems ” (Lyman, Perry 

AND RoSSMAN) AND “ USE OF REACTANCE WITH SYN¬ 
CHRONOUS Converters’' (Yardley), New York, October 

9, 1914. 

D. B. Rushmore: It is very difficult to consider the subject 
of reactors for power stations or feeders without studying the 
apparatus, such as generators, transformers, oil switches, pro¬ 
tecting apparatus, etc. 

As a rule, electrical disturbances are due either to high currents, 
high voltages or high frequencies; and high frequencies have, as 
a rule, an indirect effect of producing high voltages, so we have 
simply high .currents and high voltages to contend with. 

The use of reactors as a protection against high voltages is 
well known, and, I take it, is rather outside of the subject of the 
papers tonight; so we come down to the use of reactors as pro¬ 
tective devices against high currents, and this is a subject 
which is comparatively new. 

Those who have been associated with the building of trans¬ 
formers, know it is only a very few years since competition was 
based on excellencies of regulation. The transformers that 
regulated 1| per cent were supposed to be very much better 
than those which regulated 2 \ per cent. Now, however, the 
customer frequently specifies that the transformers must con¬ 
tain six or eight per cent reactance and even higher. 

In designing generators, transformers, and to some extent 
converters and other synchronous apparatus, if you design for 
commutation and heating there will be a natural reactance 
that will fit these conditions, and without an abnormal design 
you cannot vary these reactances beyond a certain point. 
It is therefore a question discussed in many cases as to how much 
internal and how much external reactance there shall be. 

The use of reactors in power stations also involves a study of 
feeder reactors, because one is so dependent upon the other. 
The injurious effects which these reactors are supposed to protect 
against are, first, the incidental rush of current, which is destruc¬ 
tive to the windings and brings tremendous mechanical forces 
to bear thereon. Secondly, there is the heating effect, and 
it has been necessary to investigate to some extent the time which 
apparatus will stand very abnormal heating conditions when 
there is practically no chance for the dissipation of heat, but 
simply its absorption in the material in which it is originally 
generated. 

Reactance is an evil; it is a necessary evil in some cases,but what 
we want is a reactance which is only there when it is required; 
so if someone will invent a reactance which is not a reactance 
until it is wanted, we will be greatly helped. That is, a reactance 
which is very low until the current exceeds a certain amount, 
and then is automatically raised to a very high value. 
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Philip Torchio: ^VVc henr so much tnlk of recictcince now, be¬ 
cause wo neglected to take into nccount its importance in the 
p8,st For instance, very few of ns nsed to consider vhen we 
compared the breaking capacity of a switch whether the short 
circuit was on a 25-cycle generator, or a 60-cycle generator. 
Provided it was the same capacity generator, we would have 
expected that the short circuit effect would be the same. But 
it makes a large difference in a feeder short circuit whether the 
current is 25-cycle or 60-cycle. At 60 cycles the reactance of 
the feeder would be 2.4 times that at 25 cycles, and the effect 
of short circuit would therefore be very different in the two cases. 

I think the authors have covered pretty fully the benefits 
and advantages obtained from the use of reactors on feeders. 

I wish to add a few statements which have been perhaps omitted. 
One is, that the energy loss in feeder reactors is extremely small, 
and amounts to less than 1/10 of one per cent on 60-cycle, and less 
than of one per cent on 25-cycle transmitted powei foi a 3 2 

per cent reactance. .. 

In addition to limiting the current flowing, into a feeder short 
circuit, the feeder reactance further increases the continuity of 
supply by preventing the generator bus voltage from materially 
dropping. As an example: Assume the 150,000-kv-a. bus with 
8 per cent generator reactance given in the paper, with 5000- 
kv-a. feeders having 3 per cent reactance. The maximum feeder 
short circuit would cause only a momentary 9 per cent drop 
in the bus voltage. This is very essential in holding all of the 
synchronous apparatus in step on the system.. 

In very large systems the question of limitation in rupturing 
capacity of oil switches is a burning question. In this respect 
a 2 per cent or 3 per cent limiting reactance on the feeders would 
ensure the opening of the feeder short circuit under all con- 
ditions, without the least strain on the switch, or interference 

with the rest of the service. . 

The New York lighting companies found from their experience 
that some of the few serious generating station troubles were 
occasioned by failures of high-voltage motors driving auxiliary 

apparatus like station exciters, etc. ^ . - 

Recognizing this fact, they were pioneers m the use of feeder 
reactors bv equipping all of the feeders supplying generating 
station auxiliaries with reactors, which have proved to eliminate 
entirely all of the serious troubles from that source. 

Pi°r, 4 gives an illustration of such an installation, showing three 
sets of 250-kw. 8000-volt motor-generator exciters, each equipped 

with 2.5-kv-a. reactors. , , . . 

The first station designed and equipped for busbar reactors 

and feeder reactors is the 201st Street station of The United 
Electric Light & Power Company, having an ultimate capacity 
of 130,000 kw., 8000 volts, three-phase, 60 cycles. Between 
each two sections of buses there are installed 18 per cent reactors 
(based on 30,000 kv-a.), and on each 4000 kv-a. feeder 32 per 
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cent reactors. The feeders are arranged in groups of two, each 

group being fed from a group switch. There are only two’ reac- 
tance coils for each feeder. 

Fig. 2 shows one coil of one feeder in the front compartment 
while the other coil is in the back compartment. In each of 
these compartments and on top of the existing coil there is a 
vacant space for the addition of a second coil for the second feeder 
not yet installed. 

Fig. 3 shows a compartment with the double coil for the two 
feeders, both feeders of this group being already installed 
On the right side are shown the terminals of the reactors through 
porcelain bushings. 

Fig. 4 shows perhaps more in detail the construction of the 
feeder. reactors and illustrates also the method of winding of 
the coil, which, after being saturated and baked, is placed in the 
holder with porcelain supports at top and bottom and sides 
and ebonized asbestos board panel enclosures, for safety to 
apparatus and men. 

In this connection I wish to lay stress upon the point of using 
insulated windings for the reactors. Coils with bare windings 
do not appear to me to. be in keeping with the scrupulous separa¬ 
tion by barriers and insulation of all high-tension conductors 
and wiring of a modern switchboard. Furthermore, I think 
that some insulation is necessary to protect the windings from 
foreign substances, vapors, accidental moisture and vermin 
The difference in cost between bare windings and insulated 
windings is very trifling. The idea that bare windings can 
withstand higher temperature and therefore are safer is mislead- 
ing, because it overlooks the fact that the protective reactance 
coils are always in circuit with other apparatus, like generator 
or transformer windings, cables and current transformers, all 
9 which are insulated with fibrous materials and have less 
facilities to radiate heat than the reactance coils, and would 

burn out long before the insulation on the reactance coil would 
suffer. 


From an extensive experience with insulated-winding reactors 
under most diversified conditions in this country and abroad 
there is not a single instance of failure. Furthermore, some of 
these reactors have operated for several seasons when covered 
with soot and dripping wet from rain and snow blown on them 
tmder conditions where a bare winding would have undoubtedly 


. ^ r * This question of reactance is certainly very 

important in alternating-current circuits, but I do not think 
that we should allow ourselves to be led to believe that all al¬ 
ternating-current systems should have reactors installed upon 
them. Simplicity is an excellent engineering goal to steer for, 
and our alternating-current installations are already too com¬ 
plicated, and reactors still further increase it. The acute neces¬ 
sity for reactance has been brought to our attention within 
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recent years through the development of such systems as that 
of the New York Edison Company and the Chicago Edison Com¬ 
pany and others, where an enormous, amount of power is con¬ 
centrated in one generating station with the power trans “^„ e 
over circuits of small inherent reactance, with the consumers 
located at comparatively short distances from the sources of 

generated power. . A 

Here reactors are needed to improve the service and to pre¬ 
serve the integrity of the svstem against damage from abnormal 
magnetic forces.' The enormous momentary flow of current 
in an alternating-current generator under short circuit, possibly 
ten or fifteen times what it is at the end of a few seconds, causes 
magnetic effects which are irresistible with a number of genera¬ 
tors connected to the busbars and with possibilities for destruc¬ 
tion in the stations which are very great. 

Many instances of such destruction from magnetic forces 
have been noted and some which I have seen are as follows: 

In one case a short- circuit took place near a large power house. 
The busbars which were installed inside of a modern brick struc¬ 
ture were blown out by magnetic repulsion through the brick 
of the surrounding structure, the busbar structure itself was 
demolished, and the copper of the busbar was blown 40 ft. or 

50 ft. from its original location. . . , 

In another case, about 24 one-million-circular-mil single¬ 
conductor cables were racked on the wall of a run-way a ou 
15 ft wide. A short circuit took place m a manhole near the 
power house, with the result that every cable in the run-way was 
tom from the cast iron racks on which they were supported and 
hurled across the run-way, damaging the masonry on the op- 

^ A third case resulted in a short circuit of a power house of 
about 60,000 kw. normal capacity. The feeders through which 
the short-circuit current flowed were of ordinary three-conductor 
type, lead-covered. Under the magnetic stress prevailing 
several of the cables exploded, blowing the lead covenng o 
pieces and demolishing sections of the eight-duct conduit in 

I mention these instances to show the possibilities of the 
enormous magnetic mechanical forces which are available 

momentarily under short circuits from the large utTer 

and the necessity of limiting the maximum flow of current under 
conditions of short circuit by the installation of reactors 

On long distance transmission systems where an overhead 
line intervenes between the generating station and the pom 
where the power is used, reactance is not needed to prevent 
destruction at the receiving end, as the line ltseif necessanl 
has such high reactance that it automatically limits the flo 
of current at the terminus of the line to a safe maximum amoun . . 
Distribution systems, therefore, which are fed by ^g-Jstance 
' transmission need reactors only for the purpose, as stated m 
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the paper, of controlling the regulation and for limiting the 
voltage disturbances on the system. 

There is an important use of reactors on long-transmission 
trunk lines where a tap line is connected, to the main trunk line, 
over which a comparatively small amount of power is supplied. 
Here it may be necessary to limit the amount of current which 
can flow over the branch line and so prevent its being a menace 
to the service on the main line. By installing a 5 per cent or 
10 per cent reactor in the branch line, the service over the main 
line is not interrupted, and the effect of short circuit on the 
branch line is practically negligible to the trunk line service. 

It is unquestionably desirable to install reactance coils on 
such large systems as that of the New York Edison Company 
to prevent damage from magnetic forces where the service 
is through three-conductor underground cables of small inherent 
reactance, where the maximum flow of current is limited only 
by the ohmic resistance of the circuit. 

H. R. Summerhayes: Mr. Buck has just emphasized the 
necessity for simplicity in alternating-current systems. To 
my mind we should aim for simplicity in operation, and possibly 
we may accomplish that by the addition of apparatus in the form 
of reactors. 

In Mr. Yardley’s paper it was pointed out that on the Edison 
d-c. systems of the larger size, in which the whole network is 
connected in multiple, troubles are local, and they bum them¬ 
selves out and do not result in a shut-down of the whole, or 
even of a large portion of the system. In fact, it is seldom that 
even the synchronous converter is shut down from these short 
circuits. 

I believe the alternating-current systems are tending toward 
the same result. At present most of the large alternating- 
current systems are connected with radial feeders; that is, the 
feeders are not interconnected. Experience has shown that 
trouble will result if the feeders are interconnected in order to 
use the copper to the best advantage. 

I believe that with the use of reactance in the proper localities, 
and the development of relays that has taken place, it will 
soon be possible to interconnect these systems and use the copper 
to better advantage; and that the operation will be similar to 
that of the direct-current system, in that the trouble will be 
localized. 

One point brought out in the paper on feeder reactors, is 
that the busbar reactors must also be used, owing to the pos¬ 
sibility of trouble in the station itself. That I think is a very 
important point. 

There are other methods of using busbar reactors than simply 
connecting them between the sections. Some of the .more 
recent ideas involve dividing large stations into one section for 
each generator, and not connecting those sections directly 
through reactors ? but connecting each section through reactors 
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to a sort of tie bus. This I think is a considerable improvement 

over older systems. . ^ . 1 , 

Mr. Lyman concludes that it would be desirable for many 

reasons to operate feeders in parallel at their substation ends, 
but such operation tends to increase greatly the kv-a. nowmg 
into a feeder short circuit and to cause other feeders besides 
the one affected to trip out when overload relays with the usual 
settings are used. I would suggest that this conclusion does no 
apply to all cases. The development in relays makes it possible 
to operate the switches selectively even where the kv-a. values 
at short circuit are very high. There are some cases, for in¬ 
stance, where it is sufficient to install reverse-power relays at 
the substation ends of the feeders and selective overload relays 
at the generating station ends. In other cases different exped¬ 
ients may be necessary. Generally the addition of feeder reac¬ 
tors makes it easier to make the operation of the relays selective. 

Mr. Torchio invited discussion on the matter of insulation of 
reactors. Of course the great advantage of using insulation is 
that it makes the reactance compact, saving space m the station 
where space is of importance. The dimensions are reduced, as 
you do not have to allow such great distances between conductors 
to prevent surface leakage. On the other hand, the insulation 
on the conductors introduces a • comparatively large amount 
of inflammable material at a point where it is exposed to the 
greatest amount of heat; that is, it is right in contact with the 
conductor, and all the heat must go out through that insulation. 
In case of weakness at the time of short circuit when the voltage 
across the reactance is high, a puncture or local flash-over 

might cause a considerable fire. , 

Therefore, I believe that insulation on the conductors should 
be avoided as a rule and used only where special conditions 
such as high working voltage, large number of turns or limited 
space for installation make a reactor with bare conductors 

impractic ab le * 

J. J. Frank: In Mr. Yardley’s paper reference is made to 
an automatic switch operating as a protective device. I ques¬ 
tion the ultimate value of such a mechanical device as an auto¬ 
matic protection in comparison with the value of the absolutely 
magnetic device found in these current-limiting reactors. 

The controlling feature in the design of current-limiting re¬ 
actors should be their function as a protection to generators, 
busbars, and feeder circuits. Every other, feature in details 
of construction should be secondary to this dominating one. 
Both the mechanical and electrical designs may be widely dif¬ 
ferent on reactors protecting generators and busbars, from 
those to protect high-voltage circuits, as referred to by Mr. Buck. 

N. W. Storer: Mr. Rushmore has propounded a conundrum. 
He believes thoroughly in a larger reactance to keep down the 
violence of short circuits, as most of us now do, but he wants 
reactance that is reactance only when it is needed. The co- 
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nundrum then is, “ When is reactance not reactance? 7 ’ The 
answer is, “ When it is short-circuited,” and Mr. Yardley’s 
paper has shown us how to secure this kind of reactance. One 
of the most noteworthy points in his paper is his reference to 
the tests of a quick-acting circuit breaker. I believe that the 
use of this circuit breaker to short-circuit a large part of the 
external reactance in the circuit will give just the combination 
that is desired. A certain amount of reactance must be in the 
circuit all the time, but given a quick-acting breaker such as 
described we can get all the benefit of a large reactance without 
its bad effects. 

George T. Hanchett: When extraneous reactance was first 
introduced as a protective device, it always appeared to me as 
a piece of patch-work to cover up some of our previous mistakes. 
As Mr. Rushmore says, early specifications called for regulation 
par excellence, and having obtained, at great expense, rigidly 
constant potentials, we begin to counteract these by installing 
at further expense protective reactance. 

We- seem to have forgotten that it is very easy to build a 
transformer or generator of more open design by using larger 
clearances which will facilitate insulation and ventilation 
and reduce cost. In the case of feeders, particularly where 
it is desirable to interlock them, trouble flows from feeder 
to feeder through these interconnections which may well be 
reactors. 

I was visiting the plant of a large transformer company a 
few days ago and was impressed to observe the tendency to 
insert magnetic leakage plates in. transformers. These facts 
should be seriously considered when contemplating large re¬ 
actances for the protection of large generators or transformers. 
With existing closely designed equipments, reactors are abso¬ 
lutely necessary. 

Carl J. Fechheimer: The statement has been frequently 
made that iron in reactance coils is undesirable, as it saturates, 
such saturation occurring at just the wrong time unless a very 
large amount of iron is employed. The purpose of reactance 
coils is to prevent a prohibitively large current flooring; and if 
the value of reactance decreases as the currents increase in 
magnitude, due to the iron saturating, it fails of its purpose. 
Therefore, I also believe that in transformers, to which refer¬ 
ence has been made, the same effect will come in. Similarly 
in the construction of generators we should not count on the 
effect of iron for increasing the reactance, trusting that thereby 
the great rush of current will be prevented. 

It is interesting to note that the magnitude of the current 
which flows at the first instant on short circuit does not de¬ 
pend only upon the voltage induced just before the short cir¬ 
cuit occurs and upon the total reactance in the circuit, but it 
is also affected somewhat by the point of the wave at the in¬ 
stant that the short circuit occurs. Therefore it is frequently 
a mistake to say that a certain percentage of reactance will 
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permit a definite current to flow on short circuit, unless one also 
considers the point of wave. This was brought up in a paper, 
by Mr. A. B. Field read before this Institute.* 

The question of the point of wave as well as that of the sat¬ 
uration in the circuit brings up the question: What is the ef¬ 
fective internal reactance on short circuit? It is evidently a 
rather difficult matter to determine and it may be well for us in 
the Institute to decide upon some method of estimating what 
value should be considered correct. There may be other minor 
effects which influence this rush of current, such as leakage 
fields from other phases as well as the phase under considera¬ 
tion. It is my belief, however, that we can approach nearest 
to the correct value of effective reactance by measuring the 
reactance with the rotor removed—in the case of a star-con¬ 
nected stator, between neutral and terminal; with delta con¬ 
nection, with current in one leg only of the delta; and in the case 
of two-phase, across one of the phases. If, however, partly 
closed slots or equivalent thereof are employed, the effects of 
saturation cannot be neglected, and this makes it practically 
impossible to measure directly the reactance with this or other 
forms of construction which involve leakage paths that may 
saturate. 

I would like to call your attention to the marked tendency 
that is at present evidenced toward securing high internal re¬ 
actance, especially in large generators. Large reactance is 
usually obtained by the use of as large a number of turns in the 
stator as possible. This may be carried so far that the most 
economical design is not the one that is adopted. The most 
economical design would be that which would give the cheap¬ 
est machine insofar as the relative proportions of copper and 
iron are concerned. One often has the idea that the larger 
the number of turns (the smaller the flux) the cheaper will be 
the machine. This is not necessarily so. In these machines 
it may be necessary, in order to increase the reactance by in¬ 
creasing the number of turns, to increase the cost. It is at times 
essential to use very deep slots and to laminate the conductors 
very carefully in order to prevent large eddy current losses. 

Let us consider what are the leakage fields in the generator 
which are effective as reactance, it being understood that the 
reactance is that quantity which if divided into the electro¬ 
motive force will give the current which will flow, the effect of 
resistance being negligible. These leakage fluxes are those 
which cross the slots, those which pass from tooth to tooth through 
the air above the slot, and those which interlink with the stator 
end connections. Any leakage fields from the rotor are of little 
or no influence. The effect of the presence of the rotor is in 
most generators of very small influence; any fluxes which pass 
from the stator through the air gap into the face of the rotor 
and back into the stator usually must cross the double air gap, 
which introduces very high reluctance. 


♦Transactions A. I. E. E., 1912, Vol. XXXI, Part II, page 1645. 
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When a short circuit occurs on the alternator the tendency 
of the armature reaction is to wipe out the field. This, tend¬ 
ency to cause the flux to die down induces in the field winding 
and in all other closed circuits in the rotor, electromotive forces 
which cause currents to flow, which in turn tend to prevent the 
dying down of the flux. In the case of the field circuit this 
current flows back through the exciter armature. There, is 
therefore a tendency for substantially the same electromotive 
force to be generated in the stator conductors at the first instant 
after as before the short circuit occurs. The current that flows 
is that electromotive force divided by the reactance. 

One is liable to infer, since the reactance of a machine .with 
a large air gap is usually less than that of a machine .with a 
smaller air gap, that this difference is due to differences in leak¬ 
age fluxes which penetrate the rotor. We wish to point out 
that this conclusion is not correct. It is well known that the 
armature reaction of the machine is. nearly proportional to the 
pole pitch and that the air gap is proportional to the armature 
reaction and hence to the pole pitch also. If the pole pitch is 
large, corresponding to a high-speed machine, the number of 
turns in the stator is also small, which means that the reactance 
is low. Hence low reactance generally accompanies large air 

gaps. # 

Mr. Woodward: Is there any circuit breaker developed which 
will open a circuit in 0.01 of a.second? The damage is done 
in the first one-half cycle, and the circuit breaker would, have 
to operate in 0.01 of a second. We can cut off that portion of 
the relay curve which is not selective, and reactance is a big 
factor in that way. 

Mr. Howard: I note on Fig. 11 of Mr. Yardley’s paper, 
that there is another circuit breaker in connection, with, that 
quick-acting circuit breaker. Does this quick-acting, circuit 
breaker require one more, or is this merely a test condition? 

Philip Torchio: I will say a word in explanation of my rec¬ 
ommendation of insulating the windings of reactors. I do 
not have reference to any specific design in any way. . I said, 
take the reactors as you build them now, but on the windings put 
on a light insulation. I am not recommending this to provide 
against the rises of potential; I assume that that has been taken 
care of in-the design; my idea is to bring up the point of having 
some covering as a protection against dust and foreign objects. 

I consider that essential, as in stations where we put in bus¬ 
bars and leads separated by brick compartments, we should 
not connect bare coils without separation between the wind¬ 
ings, or something to prevent accidental contact causing short 
circuit. 

Mr. Burnham: Several years ago I conducted a number of 
tests similar to those described in Mr. Yardley’s paper, to de¬ 
termine the use of reactance for protecting synchronous con¬ 
verters. The results of these tests seemed to point only to one 
solution, and that was the availability of the quick-acting cir- 
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Another statement made is that, “ with considerable series 
field and unsaturated reactance, a converter would continue 
to take on load owing to its approximate straight-line rising volt¬ 
age characteristics.” An unsaturated reactance would give a 
greater tendency for it to bend downward, rather than to go 
in a straight line. This is due to the increasing proportion of 
the energy current to the wattless current, which bends the 
converter voltage out of phase with the line voltage, and re¬ 
duces it in value. ■ . 

Another statement is, “ The drooping characteristic on over¬ 
load is obtained by employing a saturating iron core reactance.” 

I believe the reference is true, that you get greater drop if you 
use a reactance that does not saturate. The smaller the re¬ 
actance the flatter the‘regulation curve. 

J. L. McK. Yardley: The first question was in regard to 
the possibility of building a quick-acting circuit breaker which 
would operate in 0.01 second. If you will refer to Figs. 16 to 19, 
you will note that the time is given and that this particular 
circuit breaker operated within 0.015 second. I believe it is 
only a matter of closer adjustment to reduce the time to less 
than 0.01 second. In fact, I understand later tests show such 
to be the case. This breaker of Messrs. Fortescue and Mahoney 
is really so unusual as to deserve a paper devoted entirely or 
primarily to itself. 

In regard to the second circuit breaker shown in Fig. 11, of the 
ordinary carbon -break type of construction, it was desired to 
secure a comparison between the results obtainable with the 
two types of circuit breakers. Figs. 12 to 15 should be compared 
with Figs. 16 to 19. For convenience, only, both breakers are 
shown in Fig. 11. 

Mr. Burnham has described .some tests made upon a synchron¬ 
ous converter with reactance in the a-c. circuit under the condi¬ 
tion of dead short circuit. Of course, as I have mentioned in my 
paper, a synchronous converter will flash over under such a condi¬ 
tion. The figures given by Mr. Burnham for the current delivered 
at the instant of short circuit are interesting and agree with the 
results of other tests I know of. Fortunately, however, as 
brought out in the pap'er, the condition of dead short circuit is 
not met with on distributing systems of the class for which I 
have suggested the use of reactance in the a-c. circuit to the syn¬ 
chronous converter as a protection. Obviously, the actual opera¬ 
ting conditions to be experienced on any system for which any. 
sort of protection is desired must be carefully analyzed before a 
recommendation is made. In my use of the term “ at all times 
to which Mr. Burnham objects, I mean at all times which actually 
occur in practise on such a system as that under consideration. 
Perhaps my use of such a broad term is unfortunate, but I have 
in mind strictly commercial conditions. Nowhere in my paper 
do I deny the existence of a d-c. generator action in a synchronous 
converter when it is short-circuited. What I do claim is that 
this thing has been a regular bugaboo in the minds of some 
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Another statement made is that, “ with considerable series 
field and unsaturated reactance, a converter would continue 
to take on load owing to its approximate straight-line rising volt¬ 
age characteristics.” An unsaturated reactance would give a 
greater tendency for it to bend downward, rather than to go 
in a straight line. This is due to the increasing proportion of 
the energy current to the wattless current, which bends the 
converter voltage out of phase with the line voltage, and re¬ 
duces it in value. ■ . 

Another statement is, “ The drooping characteristic on over¬ 
load is obtained by employing a saturating iron core reactance.” 

I believe the reference is true, that you get greater drop if you 
use a reactance that does not saturate. The smaller the re¬ 
actance the flatter the‘regulation curve. 

J. L. McK. Yardley: The first question was in regard to 
the possibility of building a quick-acting circuit breaker which 
would operate in 0.01 second. If you will refer to Figs. 10 to 19, 
you will note that the time is given and that this particular 
circuit breaker operated within 0.015 second. I believe it is 
only a matter of closer adjustment to reduce the time to less 
than 0.01 second. In fact, I understand later tests show such 
to be the case. This breaker of Messrs. Fortescue and Mahoney 
is really so unusual as to deserve a paper devoted entirely or 
primarily to itself. 

In regard to the second circuit breaker shown in Fig. 11, of the 
ordinary carbon -break type of construction, it was desired to 
secure a comparison between the results obtainable with the 
two types of circuit breakers. Figs. 12 to 15 should be compared 
with Figs. 16 to 19. For convenience, only, both breakers are 
shown in Fig. 11. 

Mr. Burnham has described some tests made upon a synchron¬ 
ous converter with reactance in the a-c. circuit under the condi¬ 
tion of dead short circuit. Of course, as I have mentioned in my 
paper, a synchronous converter will flash over under such a condi¬ 
tion. The figures given by Mr. Burnham for the current delivered 
at the instant of short circuit are interesting and agree with the 
results of other tests I know of. Fortunately, however, as 
brought out in the pap'er, the condition of dead short circuit is 
not met with on distributing systems of the class for which I 
have suggested the use of reactance in the a-c. circuit to the syn¬ 
chronous converter as a protection. Obviously, the actual opera¬ 
ting conditions to be experienced on any system for which any. 
sort of protection is desired must be carefully analyzed before a 
recommendation is made. In my use of the term “ at all times 
to which Mr. Burnham objects, I mean at all times which actually 
occur in practise on such a system as that under consideration. 
Perhaps my use of such a broad term is unfortunate, but I have 
in mind strictly commercial conditions. Nowhere in my paper 
do I deny the existence of a d-c. generator action in a synchronous 
converter when it is short-circuited. What I do claim is that 
this thing has been a regular bugaboo in the minds of some 
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people, whereas in the majority of practical cases of the class 
of the one I have analyzed it is negligible.. In the practical 
case the reduction in resistance of the d-c. circuit is not either 
sudden enough or great enough for the rotating element of the 
machine to give up appreciable power, whereas reactance in the 
a-c. circuit is actually a protection against excessive power com¬ 
ing from the supply line at such a time. 

I don’t exactly understand Mr. Burnham’s objections to other 
parts of the paper. I believe it is common knowledge that the 
voltage regulation of a shunt-wound converter is bettci if the 
reactance in this a-c. circuit saturates as the load increases, 
than if it does not saturate, and that the reverse is true in the 
case of the compound-wound converter, the series field of which 
has not been too heavily shunted . 

Before finishing, I desire to call attention to what seems to me 
the most obvious conclusion to be derived from the tests I have 
described. I think they point to one particular combination of 
a resistor, a reactor and a quick-acting circuit breaker which 
could be applied as a protection to both service and apparatus 
for the case of sudden excessive overloads equally well in any 
one of the three classes of synchronous converter installations. 

I refer to such a combination located in the d-c. circuit from the 
converter in which the resistor and quick-acting circuit breaker 
are in parallel electrical relationship with one another and in 
series relationship with the reactor, By properly varying the 
amounts of resistance and reactance, and also the amount, of 
electrostatic capacity in the condenser operating the tripping 
device of the quick-acting circuit breaker, any predetermined 
sudden overload may be protected against, . I. have, already re¬ 
commended such equipment for one or two installations of con¬ 
verters where flash-overs have occurred due to sudden excessive 
overloads or short circuits; but so far as I know this, arrange¬ 
ment has not, as yet, given a practical demonstration of its 
worth. It is apparent that the reactor in the d-c. circuit is no 
protection against an excessive overload gradually accumulated. 
It is further obvious that to be completely protected against an 
excessive overload, gradually as well as suddenly attained, a 
reactor must also be placed in the a-c. supply circuit. A careful 
analysis of the operating conditions, I believe, will always show 
that any desired degree of protection may be attained; but it 
will usually show that complete and absolute protection is not 
warranted or even desirable. It will show in many cases that 
the degree of partial protection suggested in my paper for. the 
different classes of synchronous converter installations is a 
matter of economy and well worth attaining. 

John B. Taylor (by letter): Protective reactors have a 
voltage across terminals varying from zero at no load to ap¬ 
proximately 58 per cent of line voltage under short-circuit condi¬ 
tions. This “ drop ” in the coil disturbs the voltage regulation 
by a greater or lesser amount, depending on the power factor of 
the load, and under the most favorable conditions is a detriment. 
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Accordingly, coils without iron cores are used so that the coil- 
drop under usual running conditions will not be an abnormally 
large part of the total drop when short circuit occurs. Iron is 
omitted for the well-known fact that its permeability falls off with 
increasing magnetic flux density—in other words, it becomes 

saturated. _ , , 

As there is no known material with magnetic characteristics 
reversed from those of iron, i. e., increasing permeability with 
increasing density, the air-coil with straight-line characteristic, 
through having uniform permeability, is preferred. It is possible, 
however, to arrange matters, using iron itself as core, so that the 
desirable reversed characteristics result, This is accomplished 
by having the iron core saturated independently of the alternat¬ 
ing-current circuit which the coil is to limit. If the core is 
completely saturated no flux change will follow the alternating 
current unless this has sufficient number of ampere-turns to 



overcome those above the saturation point in the auxiliary 
exciting circuit, 

The accompanying diagram will make the arrangement clear. 
For simplicity, a single-phase instead of a three-phase circuit is 
shown. Two coils which are practically standard transformers 
are connected so that the direct-current saturating circuit does 
not form a short-circuited secondary, These serve alternately 
to give the desired counter e.rn.f, under overload or short-cir¬ 
cuit conditions when the direct-current ampere-turns are over¬ 
balanced by the alternating-current ampere-turns. The aux¬ 
iliary saturating equipment is obviously an added complication 
and expense but the arrangement effectively limits current on a 
short circuit to a definite relatively small value without excessive 
drop in tire series coil under normal conditions, burthermore, 
the current on short circuit is readily controlled by varying the 
current in the saturating circuit.* If the saturation ciicuit is 
opened, the load circuit is practically opened also through reduc¬ 
tion of current to magnetizing current of the choking transformers. 

H. R. Summerhayes (by letter): Referring to the arrange¬ 
ment No. 4 of placing a large amount of permanent react ance m 

*See similar diagram and oscillograms, in A,I.E.E,Tua.ns,, Vol,XXVIII, 
Part I, 1909, pp. 729-731. 
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the a-c. circuit of shunt-wound synchronous converters in order 
to obtain a considerable drop in continuous voltage at overloads, 
tests of this arrangement are described, and oscillograph records, 
Figs, 2 to 6, are submitted with the paper. 

To my mind these oscillograph records do not show that any 
appreciable reduction of continuous voltage was effected by the 
addition of the reactance in the a-c. circuit until such a long time 
had elapsed that the protection was ineffective. In oscillogram 
Fig. 3, when the load of about 11,000 amperes is applied, this load 
increases from zero to 10,000 amperes in a short time; practically 
instantaneous as compared to the scale of the oscillograph, and 
the continuous voltage drops from 280 to about 175 in the same 
short interval of time. 

The oscillograph in Fig. 4, which was taken at the same time 
as Pig. 8, shows that when the load is applied, the voltage across 
the collector rings of the synchronous converter drops rather 
gradually; that is, several cycles are required for this voltage to 
drop from about 310 to 220. It is apparent that this drop in 
the impressed voltage across the a-c. collector rings is due to the 
phase displacement shown in the diagrams, Fig. 1; this phase 
displacement means that the armature of the synchronous con¬ 
verter actually drops back in space from the position of the re¬ 
volving flux and this mechanical displacement requires several 
cycles. This slow reduction in the voltage across the a-c. col¬ 
lector rings, which is evidently reduced by the phase displace¬ 
ment caused by the increase of current through the reactance, 
does not correspond to the sudden drop in continuous voltage at 
the time of the application of the load, which is apparently due 
entirely to IR drop in the armature and external circuit. 

During the period of several cycles in which the alternating 
voltage across the collector rings is being reduced from 300 to 
200, the continuous current and voltage remain practically con¬ 
stant. In fact a slight increase is shown in the current. 

It is evident that if the d-c. load thrown on had been of a value 
sufficiently great to flash over the converter, the converter would 
have flashed over irrespective of the reactance in the circuit, 
since the original value of the d-c. load lasting about a tenth of a 
second was not limited by the reactance. One effect of the 
reactance appears to have been to increase the phase displace¬ 
ment and, in connection with the inertia of the armature, to 
start hunting. It further appears that the instantaneous value of 
■ d-c, load lasted long enough to trip a circuit breaker. The re¬ 
actance undoubtedly reduces the continuous current after a 
period of several seconds, as, from oscillograph Pig. 5, it appears 
that the final effect of the reactance at the end of the period of 
hunting was to reduce the continuous current from the initial 
value of 10,200 to the final value of about 9000, but the action is 
too slow to protect the converter from flashing over or to prevent 
the circuit breaker from operating. 
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SUBMARINE SIGNALING 

THE PROTECTION OF SHIPPING BY A WALL OF SOUND AND 

Other Uses of the Submarine Telegraph 
Oscillator 


BY R, F. BLAKE 


Abstract of Paper 

Submarine signaling has been greatly advanced by the intro¬ 
duction of a powerful sound transmitter and receiver called the 
“ Fessenden telegraph oscillator.” By meaas of this, telegraph 
messages can be sent and received through the water by moving 
ships and for short distances speech can be transmitted, icebergs 
can be located, and soundings taken instantaneously. 

The apparatus consists of an oscillating electric motor-gener- 
ator which lias a strong electromagnet surrounding a central 
core on which is an alternating-current winding, Between the 
core and the magnet is a copper tube which acts as a closed 
secondary to the core winding. This copper tube is attached 
to a large diaphragm. When the alternating current passes 
through the core winding it induces a current in the copper 
tube, which, being free to move, vibrates back and forth, thus 
setting the diaphragm in vibration. 

This apparatus is installed in a ship so that the face of the 
diaphragm is in contact with the water and its vibrations set 
up sound waves in the water. Signals have been sent a distance 
of 31 miles. 

The oscillator can also be used as a receiver. Sound waves 
striking against tiie diaphragm cause the copper tube to vibrate, 
thereby generating a current in itself which is induced in the 
core winding. A telephone receiver in the armature circuit 
enables the observer to hear the sound. 


C OMPARED with other forms of transportation, the amount 
of energy necessary to transport water-borne freight is 
very small and its cost would, be cheap indeed if it were not for 
the dangers of the sea. We have fogs and rocky coasts, shoals 
and icebergs, currents and storms to guard against, and these 
add immensely to the expense. Of this we have had a very 
recent instance, for, as the result of the loss of the Titanic, vessels 
carrying passengers are now constructed with a complete double 
bottom extending above the water line; in other words, instead 
of a single ship, we must now have two complete ships, one en~ 
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tirely enclosed by the other. And the loss of the Empress of 
Ireland indicates that even this may not be adequate, 

Bit by bit the dangers which beset the early navigators have 
been overcome. . The chart told him the best course to take 
from one point to another. The mariner’s compass enabled him 
to maintain his course when the stars were blotted out by clouds. 
With sextant and chronometer he located his position, with log 
and soundings he guarded himself when a sight could not be ob¬ 
tained. More recently wireless telegraphy has enabled him to 
call assistance in time of danger. But with all this, many dan¬ 
gers remain. The more important of these are due to fog. 

The North Sea, the English Channel and the Grand Banks, 
the New England coast, the western coast of the United States, 
British Columbia and Alaska, and other points are all of them sub¬ 
ject to fogs, sometimes lasting for weeks at a time, and it is there¬ 
fore not surprising that thousands of lives are each year still 
lost at sea. 

And there is not only loss of life; the pecuniary loss is also very 
great. It is no unusual occurrence for a score of steamers to be 
tied up at one time, unable to enter harbor on account of fog or 
of the combination of fog and rough weather, 

In such a case, the loss to the steamship companies in interest 
and depredation on ships and cargoes and in wages may easily 
amount to more than fifty thousand dollars per day, and this 
loss occurs not once but frequently during a year, and on many 
routes. 

In addition to this, the danger of collision in fog adds very 
considerably to the cost of insurance, and some of our worst dis¬ 
asters have occurred in this way. 

Aside from those dangers peculiar to fog, there remains a num¬ 
ber of others. A continuance of cloudy weather or abnormal 
ocean currents or both, may throw the navigator out of his 
reckoning and place him on a rocky shore a score of miles away 
from the safe route he assumes himself to be following. 

Icebergs still remain a menace in spite of all the efforts which 
have been made to guard against them. From time to time, 
statements have been made that apparatus has been devised 
which is capable of locating their presence, but in every instance 
in which such apparatus has been tested it has proved a failure. 

The history of systematic marine protection by means of light¬ 
houses and beacons does not go back very far, It is true that 
there were a few lighthouses such as the Pharos of Alexandria 
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centuries ago, but even in quite recent years a European Govern¬ 
ment received a petition for compensation from the inhabitants 
of a sea coast district on the ground that the erection of a light¬ 
house had deprived them of one of their principal sources of in¬ 
come, to wit, luring vessels on nearby shoals by means of false 
lights. 

The systematic employment of sound signals for marine pro¬ 
tection is of still more recent date and has never been carried out 
fully, in spite of the fact that many of our greatest scientists, 
for example Tyndall and Rayleigh, have devoted special atten¬ 
tion to this matter. 

One reason for this is that sound signals produced in air are 
very erratic in their range and intensity, so much so as to be on 
many occasions absolutely misleading. This is due to the fact 
that when a fog-horn is blown, the sound may be carried by the 
wind or may be "reflected or refracted by layers of air of different 
densities, with the result that the sound may be audible many 
miles away while there may be a zone of complete silence ex¬ 
tending from a few hundred yards in front of the signal to a dis¬ 
tance of four or five miles. 

As this phenomenon is by no means infrequent, the result has 
been to discredit more or less this type of signal, and it will be 
evident that the knowledge that a siren had been installed at a 
certain dangerous point might prove a source of danger instead of 
a protection. 

As already stated, many eminent men have worked upon this 
problem, but it was not until Arthur J. Mundy, of Boston, sug¬ 
gested the use of water instead of air as the medium for trans¬ 
mitting signals and proved its value by practical demonstration 
that any great advance was made. Water has many advantages 
over air for this purpose. 

1, In the first place, it is free from the dangerous zones of 
silence which occur when the signals are produced in air, 

• 2, In the second place, the absorption of the sound is much 
less in water and consequently the signal is not only absolutely 
reliable but is transmitted to a distance many times greater than 
when it is transmitted through air. 

3. The sound is not carried away by the wind in stormy 
weather, as is the case with the siren. 

4. It is not affected by atmospheric disturbances, as in the 
case of wireless. 

5. It permits of the accurate determination of the direction 
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from which the sound is proceeding, which is not the case with 
either the air siren or wireless telegraphy, 

Some recent instances where ships have signaled by wireless 
that they were in distress but have had to remain without assis¬ 
tance for many hours, and in one instance for more than a day, 
because their location could not be determined by the vessels 
coming to their aid, will be familiar to every one. 

All these advantages indicated clearly years ago the advis¬ 
ability of developing apparatus for’signaling by means of sound 
waves transmitted through the water itself. 

But it is one thing to conceive the idea, and another thing 
to develop a practical system, and it may be of interest to know 
that up to the present time the sum of a million dollars has been 
invested in developing submarine signaling, so far without 
monetary return. 

The first method which was employed for producing the sound 
was through the striking of a bell and the method of receipt of 
the signals was by means of a microphone attached to the skin 
of the ship. Neither the original bell nor the original micro¬ 
phone attachment was satisfactory. 

It would be impossible in the space permitted to discuss even 
briefly the innumerable experiments made with different sizes 
of bell, with different materials for the bell, with different methods 
of producing the blow, the precautions taken to eliminate elec¬ 
trolytic action, with different types of microphone, with different 
methods of mounting the microphone on the side of the ship,' 
with the experiments made to minimize water and other noises. 
It will be sufficient to say that finally the work of Mundy, 
Wood, Bay, Williams and others resulted in a completely practical 
system. 

The submarine bell in use on the lightships is actuated by 
compressed air stored in a reservoir. The actuating wheel has 
projections mounted on it so that when the wheel revolves a 
number of strokes follow each other, the diffei'ent intervals 
being peculiar to the different signal stations so that the captain 
of a ship by counting the strokes of the bell can determine wliat 
lightship is' producing the sound. 

In order to receive the sound, it has been found absolutely 
necessary to suspend the microphone in a tank of water, for this 
is the only method of cutting out the water noises and the 
noises due to machinery, etc., on board the ship, which otherwise 
drown out the sound of the bell. 
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One of these small water tanks, containing a microphone of 
a special type, is attached to eacli side of the bow inside of the 
ship. From each tank wires are run to a device which is called 
the indicator box, so arranged that by throwing the handle 
to one side, the starboard microphone is connected to the tele¬ 
phone, and by throwing the handle to the other side, the port 
microphone is connected. 

It will be obvious that once the bell is picked up, the captain 
has only to turn his vessel until the sound is heard with equal 
intensity on each side, to know that his ship is then pointing 
in the direction from which the sound is coming, and in this way 
he can take compass bearings of the lightship on which the bell 
is situated. 

The importance of this method will be at once perceived. 
No matter how stormy or how foggy the weather may be, it 
enables the captain of a ship, on making land, to obtain at once 
the compass bearings of the nearest lightship or lighthouse 
fitted with a bell, 

How many vessels and how many lives this device has saved 
even in the few years during which it has been in use, it would 
be impossible to tell.' Less sensational than the wireless tele¬ 
graph, it may be questioned whether its actual practical utility 
to the merchant marine has not been greater. 

Compressed air, or an electromagnetic mechanism, may 
swing the hammer, or the bell may be operated by the 
waves themselves. A type much used is a bell buoy which may 
be anchored off a shoal, and will give submarine warning day 
and night without fiudher attention. A large vane extends from 
one side of the mechanism. As the buoy swings up and down in 
the water, the vane by means of a ratchet compresses a spring 
which automatically releases and operates the bell hammer. 

It will be evident that, even if no further development had 
been made, the system would be and is a complete and practical 
one. Its universal adoption would greatly minimize if not 
entirely prevent disasters due to errors of ship position. 

But with the very success of this system, it became evident to 
those in charge of its development that still further advances 
might be conceived as possible, especially in three directions; 

1. Suppose the sound-producing apparatus could be so con¬ 
structed as to be operated from moving ships by a telegraph 
key. If this were achieved, it would be possible for one ship 
to signal to another in fog, to communicate its position, its 
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direction and its speed, and eliminate all dangers of collision. 
It would also be possible to signal between submarines or between 
battleships and submarines, and to communicate between battle¬ 
ships in action without interference from the enemy and though 
.all masts were shot away. 

2. Suppose the range of the sound-producing apparatus 
could be extended so as to cover a radius of 25 or 50 miles.' 
Then it would be within our power so to encircle the coast of 
every nation, with what has been felicitously termed "a wall of 
sound," that no vessel under whatsoever circumstances of loss 
of reckoning, of variable currents, of fogs, and storms could 
approach the coast without being warned of that fact and notified 
of its exact position on that coast and of the direction of the 
nearest lightship. 

3. If the sound-producing apparatus could be constructed 
so as to be actuated by telephonic currents, it would be possible 
to transmit speech through the water, 

It will be of interest to consider some of the difficulties which 
had to be overcome before the desired results could be obtained. 

The most serious of these obstacles was the fact that water 
is almost incompressible, 

Now since sound is a compressional wave in the medium 
through which it is transmitted, it is evident that any apparatus 
which is to transmit sound through water must be capable 
of exerting very great force. In the bell, this is accomplished 
by the hammer blow of the clapper, and any electric or other 
apparatus which is to be used for submarine signaling must 
have a force comparable with that produced by the impact of 
a hammer on an anvil. 

A second and very grave difficulty arises from the fact that if 
the water is to be compressed, some material object must be 
set in motion to compress it, and that object, which must have 
sufficient mechanical strength to stand the stress, and must 
therefore be of considerable size, must start from rest, reach its 
highest velocity, and come to rest in one-thousandth part of 
a second, if a musical note having a pitch of five hundred per 
second is to be produced. The forces of acceleration thus 
necessitated are very large. 

A third difficulty arises from the fact that in order to tele¬ 
graph a. a speed of twenty words per minute the time allow¬ 
able for a single dot is very small, As the average word consists 
of five letters, and the average letter has a length equivalent 
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to seven dots, an apparatus capable of telegraphing at the rate 
of twenty words per minute must be capable of making seven 
hundred dots per minute, or a single dot in something less than 
one-tenth of a second. 

If the signal is to have individual quality, so as to be readily 
distinguishable from other noises, and so as to be separable by 
resonance from other notes, each dot must consist of at least ten 
impulses. 

Thus we arrive at the conclusion that whatever device is used, 
it must be capable of producing at least 100 compressional waves 
in a single second, in order to telegraph satisfactorily at the rate 
of twenty words per minute. 

If this same apparatus is to transmit speech through the water, 
it must be still more rapid in its action and must be capable of 
producing several thousand compressional waves per second. 

The above were the three main difficulties in the way. Of 
course there were many others—for example, the apparatus must 
not weigh too much; it must not be affected by water or change 
of temperature; it must be simple in construction; it must be 
easily applied to the ship; positive in its action; must not require 
adjustment after being once set up and must be able to stand all 
kinds of ill-treatment at the hands of unskilled operators. It 
will be unnecessary to go over the ground taken by the develop¬ 
ment, and we will therefore proceed at once to describe the ap¬ 
paratus as finally developed by Professor R. A. Fessenden. 

The device used is termed an oscillator and its construction is 
shown in cross-section in the drawing, Fig. 1. 

In the drawing, the iron of the magnetic circuit and the copper 
tube are shaded. The magnetizing coil is cross-hatched. The 
moving part is the copper tube A . This lies in the air gap of a 
magnetic field formed by a ring magnet B, built up in two parts, 
as shown in longitudinal section in Fig. 2. 

The ring magnet is energized by the coil C, and produces an 
intense magnetic flux which flows from one pole of the ring 
magnet across the air gap containing the upper part of the copper 
tube, thence through the central stationary armature D, thence 
across the other air gap to the lower pole face of the ring magnet 
and thence through the yoke of the ring magnet back to the 
upper pole face. 

This field is very much stronger than that in the ordinary 
dynamo, there being more than 15,000 lines for each square 
centimeter of cross-section. 
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Around the armature is wound a fixed winding, which we will 
call the armature winding, and which is reversed in direction so 
that one half of the winding is clockwise and the other counter¬ 
clockwise. 

When an alternating current is passed through this armature 
winding, it induces another alternating current in the copper 
tube. 

Only by this construction has it been found possible to obtain 
the enormous force and rapidity necessary to compress the water 



Fig. 1 


and to overcome the inertia of the moving parts of the 
mechanism. 

In order to apply this force to the work of compression, the 
copper tube is attached to solid disks of steel, which in turn are 
attached to a steel diaphragm one inch thick which may be 
made part of the side of the ship. In practise the tube is pro¬ 
vided with lugs, and is held between two disks drawn together 
on the tube by a one-inch vanadium-steel rod and a right- and 
left-handed screw thread. 

Telegraphing is accomplished by means of an ordinary tele¬ 
graph key placed in the main armature circuit. 

Although an ordinary telegraph key is used, there is no 






















This eliminates the self-induction of the armature winding. In 
addition the upper and lower portions of the winding are wound 
in opposite directions, and therefore there is no mutual induction 
between the field coil circuit and the armature circuit. With 
this construction, the amount of magnetic leakage in the arma¬ 
ture circuit is very small, only a trifle more than if the arma- 
r* time core were of wood, and as there is no alternating magnetic 
flux in the iron, there are no eddy currents. 

As regards the capacity in kilowatts of this apparatus, it is 
large. The armature, being wound in grooves in the armature 
core, so as to withstand the mechanical forces acting upon it, 
is well cooled. 
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sparking at the contacts. This may surprise electrical engineers 
familiar with the sluggish action and vicious arcing commonly 
found associated with the operation of electromagnetic apparatus 
of this size and power, more especially in view of the fact that 
a very high frequency is used, five hundred per second, and that 
there is no laminated iron used in tire construction of the appara¬ 
tus. 

The secret of this lies in the fact that the armature has sub¬ 
stantially no self-induction, and no eddy currents are generated in 
the apparatus. This is because the copper tube forms, as will 
be seen, the short-circuiting secondary of a transformer, of which 
the armature winding is the primary. 


D 

Fig. 2 
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The copper tube has no insulation to be affected, and on ac¬ 
count of its large cooling surface and high permissible tempera¬ 
ture of operation, can carry very high currents without injury. 

When the oscillator is placed on a vessel or hung overboard 
from a lightship, a large water-tight diaphragm is attached to 
the oscillator. This particular type of oscillator was first tested 
by suspending it in twelve feet of water at the Boston lightship 
and the signals were heard plainly with a microphone lowered 
overboard from a tug at Peaked Hill Bar Buoy, thirty-one miles 
away. Since that time tests have been made with oscillators 
installed in the fore peak tank of the Devereux, a collier of the 
Metropolitan Coal Company, and also with an oscillator mounted 
on'a diaphragm made part of the hull of the vessel. The signals 
have been heard upwards of twenty miles from the Devereux 
running at her regular speed of eight knots. Pull power has 
not been employed on any of the tests, and it is more than prob¬ 
able that much longer distances can be obtained in the future, 

In addition to the tests already described, the oscillator has been 
temporarily installed on submarine boats, and proved itself of 
immense value and demonstrated that a flotilla of submarines 
equipped with oscillators will be able to make a combined at¬ 
tack on an enemy, only one heeding to show its periscope in 
order to direct the others, or all of them can be directed by the 
mother ship. It therefore makes possible a whole field of sub¬ 
marine maneuvers heretofore out of the question; and perhaps 
most important, it removes the principal danger these boats have 
had to face, the risk of being run into. 

So much for the apparatus when in use as a sound generator. 
The signals produced by the oscillator can of course be received 
by water-immersed microphones of the usual type, but one 
would perhaps not anticipate the possibility of using the 
oscillator as a receiver, in view of the fact that the diaphragm 
is of solid steel, and weighs, with the copper tube and its attach¬ 
ments, considerably over 100 pounds; but the oscillator, like the 
ordinary electric motor, is also capable of acting as a generator, 
and on account of its high efficiency as a motor, is a very efficient 
one. 

The same ■ oscillator is therefore used for sending and for. 
receiving, a switch being thrown in one direction when it is 
desired to telegraph under water, and thrown the other way 
when it is desired to listen in. 

In addition to telegraphing and receiving messages, the 
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oscillator can also bo used for telephoning under water. Sen¬ 
tences have been transmitted at. 800 yards and conversation 
at more than 400 yards, and Ibis was accomplished with the use, 
of an ordinary telephone transmitter and 0 dry colls. 

It seems evident, therefore, that with more power much 
greater distances can be reached. Long distances arc not, how¬ 
ever, necessary, as even with a distance of one mile it will he 
readily understood that this method of under-water telephon¬ 
ing will be of great use as a means of communicating between 
submarines while submerged, and between ships in fog, us the 
captains of the vessels can talk directly to eaeli other, instead 
of transmitting and receiving through ii telegraph operator. 

Home other uses to which the oscillator may he put may be 
mentioned briefly. 

One which will at once suggest itself is the steering of torpedoes 
by sound under water. The idea of so operating torpedoes is 
not a new one, and has occurred to a number of inventors, 
but until the present time no method of accomplishing it has 
been developed. With this new source of sound, however, the 
method should be practicable. 

Another use is as a means for obtaining soundings. If wc 
lake a commutator wheel, with one live segment and two 
brushes, one connected to the alternating-current generator 
and the other to the.telephone receiver, it will he evident that 
when the commutator segment makes contact with the. brush 
connected to the generator, a sound will be produced by the 
oscillator. When the live contact passes away from the brush, 
the sound will cease. This sound wave will travel outward 
and on reaching the bottom will be reflected and travel back 
again to the ship. Meantime, no sound will be heard in the 
telephone receiver, but if the brush connected to the telephone 
receiver lie shifted in the direction of rotation of the commutator 
until it makes contact with the live segment of the commutator, 
at precisely the instant at which the reflected sound wave has 
come I Kick and impinged on the oscillator diaphragm then a 
sound will be heard. Since sound travels in water at a velocity 
of approximately 4000 feet per second, if the distance be 100 
feet, the time taken by the sound in traveling from ship to 
bottom and from bottom to ship will be approximately onc- 
Iwcnl.ieth of a second. 

In April, 11)14, some tests wen; made on the U. S. revenue 
cutler Miami to see whether soundings could be taken in the 
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manner above indicated. As the commutator had not been 
completed a temporary apparatus with a stop watch was used. 
The echo from the bottom was plainly heard not only on the 
oscillator, but in the wardroom and in the hold of the ship 
without any instruments whatever. The elapsed time cor¬ 
responded to the depth shown on the chart and the proposed 
method was proved to be feasible. 

The chief object of the tests on the Miami was, however, to 
determine whether a reflection from icebergs could be obtained, 
and this was proved beyond question. The apparatus used was 
the same as for taking soundings. 

A signal was sent on the oscillator, the echo from the bottom 
heard, and then the echo from the iceberg came in. To make sure 
that the second echo was not also from the bottom, the distance 
from the Miami to the iceberg was varied from about 100 yards 
to miles. The elapsed time between the signal and the echo 
from bottom remained the same, but the elapsed time of echo 
from the iceberg varied with the distance and corresponded very 
closely to the position of the iceberg determined by the range 
finder. Moreover it was found that it made no difference 
whether the face of the iceberg was normal to the path of the 
sound or not, thus showing that the echo was due not to specular 
reflection but to diffraction fringes. 

When the Miami had gone 21 miles from the iceberg a heavy 
storm made it necessary to postpone further tests, and continued 
rough weather made further tests impossible, as the oscillator was 
not permanently installed but had to be lowered overboard. 
The echoes at 21 miles were, however, loud, and there can be no 
doubt that they would have been heard at greater distances. 
(See appendix). 

To sum up: The oscillator represents an important step for¬ 
ward in the science of navigation. It makes it possible to sur¬ 
round the coasts with a wall of sound so that no ship can get into 
dangerous waters without warning, to make collisions between 
ships possible only through negligence. Although no sufficient 
tests have been made to warrant the statement that icebergs 
can be detected under all circumstances or that soundings can be 
taken at full speed, what, evidence there is points that way. For 
naval purposes it provides an auxiliary means of short-distance 
signaling that is available at all times and that cannot be shot 
away, and it widens the possibilities of submarine boats to an 
extent we cannot yet fully grasp. 







1914] BLAKE: SUBMARINE SIGNALING 1661 

Report of Captain J. H. Quinan of the U. S. R. C. Miami 
on the Echo Fringe Method of Detecting Icebergs 
and Taking Continuous Soundings.* 

We stopped near the largest berg and by range finder and sex¬ 
tant computed it to be 450 feet long and 130 feet high. Although 
we had gotten within 150 yards of the perpendicular face of this 
berg and obtained no echo from the steam whistle, Professor 
Fessenden and Mr. Blake, representatives of the Submarine 
Signal Company, obtained satisfactory results with the subma¬ 
rine electric oscillator placed 10 feet below surface, getting distinct 
echoes from the berg at various distances, from one-half mile to 
two and one-half miles. These echoes were not only heard 
through the receivers of the oscillator in the wireless room, but 
were plainly heard by the officers in the wardroom and engine 
room storeroom below the water line. Sound is said to travel 
at the rate of 4400 feet per second under water. The distance 
of the ship, as shown by the echoes with stop watch, corresponded 
with the distance of the ship as determined by range finder. On 
account of the great velocity of sound through water, it was our 
intention to try the oscillator at a greater distance for even better 
results, but a thick snowstorm drove us into shelter on the Banks 
again. 

* * * * 

On the morning of April 27, anchored in 31 fathoms of water 
with 75 fathoms of chain in order to make current observations. 
.. . Professor Fessenden also took advantage of the smooth sea 
to further experiment with his oscillator in determining by echo 
the depth of water; the result giving 36 fathoms, which seemed 
to me very close. 

*From the Hydrographic Office Bulletin of May 13, 1914. 
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Discussion on “ Submarine Signaling” (Blake), Phila¬ 
delphia, Pa., October 12, 1914. 

W. S. Franklin: When you lower that oscillator into the 
water, the two diaphragms are working in like phases, are they 
not? 

H. J. W. Fay: Yes, That means that the water on one 
side is being compressed. 

W. S. Franklin: Don’t you cover one of those diaphragms 
completely, and only expose one to the water? 

H. J. W. Fay:' This diagram doesn’t show the water-tight 
oscillator as it should. This is a form of oscillator that was 
put inside the ship, not put in the water. A water-tight oscil¬ 
lator has a ring, around the base of the pole piece, and the third 
diaphragm is mounted on that ring, and this rod excites that 
diaphragm. ' , 

W. S. Franklin: If I may explain just what I have m mind— 
you say that your wave length there would be something like 
thirty or forty feet. Now we speak of each side of that appara¬ 
tus as being a center from which waves go out— 

H. J. W. Fay: No, only one side. 

W. S. Franklin: That is what I wanted to know. Only 
one side is covered? 

H. J. W. Fay: Yes. 

Elmer A. Sperry: This seems to me a most ingenious ap¬ 
paratus. Think of the diaphragm that you and I use when we 
speak into a telephone, a small affair that is about as thick as 
paper, and then consider the diaphragm that this apparatus 
works—three-quarters of an inch thick and 24 inches in di¬ 
ameter; and it takes that size of diaphragm to be in tune with 
the 1000 beats or 500 full oscillations per second to which this 
instrument is tuned with the alternating current of this frequency. 
I understand that when this was tried on the Delaware it was 
heard distinctly on the upper deck in a very remote position 
from where the apparatus was installed. But the most re¬ 
markable thing to me is that it can be again used as a receiver. 
The 8 by 8-in. copper tube, only £ in, thick, seems a very simple 
factor to set up a reaction back into the alternating winding, 
giving evidence of remote sound, especially when in attune 
with this diaphragm. 

G. A. Hoadley: The paper speaks of the most important 
use of this apparatus on submarines, for submarine signaling 
from one vessel to another, ■ Has there been any method de¬ 
vised by means of which submarines not belonging to our 
party can be prevented from receiving the message? 

H. J. W. Fay: No, riot yet. At a mile’s distance, the 
sound is so loud that it can be heard all over the submarine 
boat without any receiving apparatus. The point that you 
mention has been in mind, but it could not be done with vibra- 
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tions such as are used now, It would be possible with vibra¬ 
tions that are below the range of audibility. 

H. A. Hornor: Have any experiments been made upon 
interference of two signals at a time? Wouldn’t that be a 
cause of confusion of the signals? 

H. J. W. Fay: Yes, probably, unless they were widely dif¬ 
ferent in tune. Then the oscillator at 500 might not pick up 
the oscillator that was tuned to 1000. We have simply worked 
the oscillator out for that one pitch at the present time, and 
the greatest number that we have known to be used at any 
one time has been two. We have not had a third oscillator in 
any of the tests to break in on the signals. 

W. S. Franklin: Professor Webster of Clark University has 
been working quantitatively on a problem which involves 
making, among other things, an accurate measurement of the 
number of watts that are given out as sound by ordinary tuning 
forks, with and without resonance. Have you any idea, as to 
the actual watts output represented by the sound that is pro¬ 
duced? I don’t mean watts entering into the receiver, but 
watts of energy in the sound. 

H. J. W. Fay: The nearest I can tell you is that last Sat¬ 
urday we made a test with one oscillator 46 ft. from the other 
and measured the amount of current received in the alterna¬ 
ting winding of the receiving oscillator, and we got 0.025 ampere. 
The input was 13 amperes at 170 volts on the alternating cur¬ 
rent and 71 amperes at 110 volts on the’ direct-current winding, 

George Breed; As I understand the description, the arma¬ 
ture oscillates in a direction longitudinal with the bolt. Then, 
presumably, it must be centered in some way and held clear 
and free between the magnet poles, and furthermore, if it be 
free to oscillate, its supports cannot be absolutely rigid, 

It would be interesting to know how the armature is held 
in place, and how much elasticity there is in its supports. I 
suppose the oscillating system thus formed is so proportioned 
with respect to mass and elasticity, that its natural frequency 
of oscillation is about 500 per second. 

H. J. W. Fay: The amplitude of movement is 0,01 in. The 
small diaphragms on the rod support the popper tube.. 

W. S. Franklin: If the amplitude of this apparatus is known, 
Professor Webster’s formula will enable the actual watts of 
sound output to be calculated with a very high degree of accuracy. 

John B. Taylor (by letter): Before commenting in detail on 
the paper by Mr. Blake, a few very general (and perhaps obvious) 
" remarks may be in order. . 

Communications between individuals more or less widely 
separated may be accomplished only by transfer of matter or 
energy from one to the other. Exchange of intelligence by 
moving material things has culminated in the typewritten 
letter, 

The spoken word and the sign exemplify communication 
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through forms of energy. Here one involves mechanical, the 
other radiant energy. In the business of travel and tians- 
portation by land, as well as by sea, both audible and visible 
signals are extensively employed, one supplementing the other. 
Light signals serve fairly well in disclosing location or direction 
through “ straight-line” propagation of the radiant energy and 
the working characteristics of the receiving instrument, the eye. 
Non-transparent objects cast shadows, i.e., the radiation does 
not bend around obstacles, lienee rain, snow and especially fog 
disturb, or prevent entirely, dependence on visual signals. 
Layers of air of different optical properties may also give rise 
to mirages or other aberrations. 

Sound signals do not readily disclose location or direction. 
Sharp sound shadows are not noticed with wave lengths of the 
pitches commonly employed, and the ears are not well adapted 
nor trained to locate sources of sound with assurance or accuracy. 
Further difficulties arise on account of reflections from objects 
giving echoes or interferences which may be misleading, while 
other sounds and noises, necessary and unnecessary, reduce 
the sensibility of the ear to feeble sound and distract the atten¬ 
tion from the particular sound signal. 

The paper under discussion describes a system of marine 
sound signaling using the water of ocean, river or lake rather 
than the air as transmitting medium. To do this, more com¬ 
plicated sounding and receiving equipment is needed. Doubt¬ 
less the water will usually be more homogeneous acoustically 
than the air. The inhabitants of the water are assumed to be 
comparatively quiet. There are, however, extraneous sounds 
which give trouble. Is it right to infer that these are greater 
than undesired sounds in the air, since no mention of this point 
is made in the list of five advantages of water over air? (page 

1551 ). , 

The descriptions of the determination of depth and of iceberg 
distance by echo and reflection naturally lead one to question 
the reliability of direction location in the presence of other 
ships, icebergs, rock ledges, reefs, islands, not to mention shore 
and bottom. 

The greater speed of transmission through water (approxi¬ 
mately 4 times) is an advantage from a telegraphic standpoint 
where sound signaling through air would leave the hearer a 
full minute behind the sender in 11 or 12 miles. In fact, the 
15-sec. interval for water signaling for the same distance may 
make much confusion. The greater velocity is a disadvantage 
in depth and distance determinations. 

The remarks of the author (page 1554) on compressibility 
of water and large forces and strength of materials needed to 
make a sound in water are incomplete without data on the 
number of kilowatts expended and the excursion of the copper 
tube with its attachments and diaphragm. A steel rod will 
readily transmit the sound of a pin scratching or a watch tick- 
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ing, though the velocity of sound in steel is about 14 times 
that in air and though steel is much heavier than water, thus 
indicating far greater rigidity or incompressibility than water. 

What is the basis of the author’s statement that a telegraphic 
“ dot” must persist ten cycles for its pitch to be recognized? 
Lord Rayleigh (“Theory of Sound,” VoL II, page 452) cites 
tests to show that three consecutive vibrations determine pitch 
with considerable accuracy. Tests of Mr. Arthur Farwell 
(Massachusetts Institute of Technology thesis, 1893, I believe 
unpublished) using a different method—-a telephone receiver - -— 
corroborate the figure. 

Submarine signaling by the “ telegraphic oscillator” may 
well supplement other signal methods, as none are complete 
and at all times dependable. Sound signals through air must 
be retained for the benefit of small craft that cannot have sub¬ 
marine devices. Though a' given sound may not always be 
heard at the same distance, the air is the natural medium for 
men. The ear, while sensitive to feeble sounds, may be aided, 
and an increased range may be obtained by the help of apparatus. 
Probably many cases of alleged erratic transmission _ of sound 
are due to mistakes in judging direction. To determine better 
the direction of the source of sound, an interference device or 
apparatus indicating phase of sound at two slightly separated 
points determines the direction from which the sound wave 
arrives (see U. S. patent No. 939,349). 

G. A, Hoadley: One question in connection with this paper 
is the necessity of a high degree of energy in sending out the 
sound, A pin scratch on a wire fence can be heard at a long 
distance, not because the steel or iron wire used is so little com¬ 
pressible, but because of its high elasticity, and it seems to me 
that in the case of submarine signaling it is a question of higher 
elasticity of the medium rather than the amount of the com¬ 
pression that is to be used. I am questioning whether it would 
be possible in any way to apply less energy and still set up the 
wave motion. 

J. L. Woodbridge: How accurately can the direction from 
which the sound proceeds be determined by the receiving vessel? 

H. J. W. Fay: Within a point on the compass, or ll£ deg., 
at distances of between two and three miles. 

W. S. Franklin: The accuracy of locating directions of sound 
must depend on the distance apart of the two points at which 
the sound is received. How far apart are the two receivers 
when you attempt to locate directions of sound—ten feet, or so? 

H. j. W. Fay: The distance between the two sides of the bow 
of a ship—more than ten feet. 
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ELECTRICAL EQUIPMENT OF THE ARGENTINE 
BATTLESHIP “ MORENO ” 

BY H. A. HORNOR 
Abstract ok Paper 

This paper describes the electrical installation of one of the 
two Argentine battleships building in this country and now near¬ 
ing completion, The methods of installation and distribution of 
energy; the extensive application, far surpassing any vessel so 
far constructed in this country, and the results secured by de¬ 
parture from present practise; all these are concisely recorded. 
Detailed descriptions are given of important and unusual 
equipments such as steering gear, anchor windlass, searchlights, 
gyro-compass, etc., etc. 

T HE MORENO is one of the two super-dreadnoughts 
building in this country for the Argentine Republic. The 
general characteristics of the Moreno are as follows: 

Length over all, 594 ft. (181 meters); displacement, 27,566 
tons (28,000 metric tons); draft, 27 ft. 9 in. (8.46 meters); width 
98 ft. 0 in. (29.89 meters); main battery, twelve 12-in. (304,8- 
mm.) breech-loading rifles mounted in six turrets; torpedo 
defense battery, sixteen 4-in. (101.6-mm.) and twelve 6-in. 
(152,4-mm.) breech-loading rifles. 

It is the purpose of this paper to describe in general the 
'electrical equipment of this vessel. The applications are so 
numerous and varied that only the unusual equipments have 
been selected for detailed comment. By reason of the confiden¬ 
tial nature necessarily involved in military applications, all 
reference to such has been omitted. As all installations of this 
character are divided into three general systems, namely(lighting, 
power, and signaling, this grouping will be followed. 

. Generating Plant 

Power for all purposes is supplied, by four 375-lew. tuibo- 
generators of the horizontal type. Two of these machines are 
located forward and two aft on the lower platform deck below 
armor. Adjacent to each dynamo room is a distribution, room 
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in which is located a main distribution switchboard for the 
control of the two -units and the supply circuits. On the gun 
deck is a third dynamo room containing two Diesel oil-engine- 
driven generators of 75 lew. capacity for harbor use when fires 
are drawn. 

The 375-kw., 230-volt, 1500-rev, per min. turbo-generators 
are of standard marine design capable of operating at a steam 
pressure of 220 lb. per sq. in. (15.4 kg. per sq. cm,), condensing 
at a normal vacuum of 28 in. (71.1 cm.), and also non-condensing 
with 5 lb. (2.27 kg.) back pressure. The turbine is of the well- 
known Curtis horizontal, two-stage type, fitted with automatic 
valve gear, inertia governor, and an emergency valve for auto¬ 
matically closing when the speed exceeds 10 per cent of normal. 
Forced lubrication is provided for the main bearings, and the oil 
is cooled by water circulation. The generator is a compound- 
wound, direct-current, commutating-pole type, mounted on the 
same bedplate and directly coupled to the turbine. The magnet 
frame is circular in form and divided horizontally. The genera¬ 
tor is capable of standing a 33| per cent overload for two hours 
and 50 per cent overload for five minutes. 

The Diesel oil-engine-driven sets arc rated at 75 kw., 375 
rev. per min., 230 volts. The generator is directly connected 
to the oil engine but not mounted on the same bedplate.' The 
generators are designed in a similar manner and are capable of 
functioning in the same way as the main generators above de¬ 
scribed. The Diesel oil engine is guaranteed to develop 120 
b.h.p. normally and also 180 b.h.p. overload. The engine is 
vertical, four-cycle, single-acting, and is provided with four 
power cylinders and one air-compressor. The engine is started 
by means of compressed air at about 650 lb. per sq. in. (45.5 
kg. per sq. cm.) obtained from storage tanks, During the start¬ 
ing of the engine the cooling water is gradually started and will 
be in full flow when normal ignition has been established. The 
plunger for the fuel oil pump is operated by an eccentric at¬ 
tached to the vertical shaft of the valve gear drive. An auxiliary 
cooling water pump and fuel oil pump are also provided. These 
auxiliaries are electrically driven, the former by a 2.7-h,p. motor 
and the latter by a 1.75-h.p. motor. The fuel oil used may be 
fairly heavy, even heavier than 20 deg. Beaumd at 60 degrees 
fahr., so long as it flows readily and can be handled by the fuel 
oil pump,- The heat value, of the oil should not be less than 
18,500 B.t.u. pet pound (4662 kg-cal.). 
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Installation and Distribution 

Current is carried to all the various systems on a two-wire 
metallic system, by means of rubber-covered (44 per cent 
pure Para) lead-sheathed, steel-armored conductors, These 
cables are clipped singly, or in groups, to the ship’s structure or 
clipped to special sheet steel pans supported from beam to beam 
or fastened to the plating. Water-tight fittings are provided 
wherever the cables terminate and when passing through 
water-tight bulkheads. Twin conductors are employed from 
3256 cir. mils up to 30,856 cir. mils, and beyond this, single 
conductors up to 373,737 cir. mils. All the conductors in this 
installation are stranded, lead-covered, steel-armored, with the 
exception of the flexible leads in the turret trunks and special 
brass-covered wire and three-conductor rubber-insulated wires, 
called by the German trade name 11 Kuhlo,” used for branch 
leads in the officers’ quarters and staterooms. 

Besides the two main distribution switchboards located ad¬ 
jacent to the two dynamo rooms, there are two auxiliary distribu¬ 
tion boards located one forward and one aft; a control board for 
the oil engine generators; and a combined distribution and control 
board for the searchlight balancer sets. These boards are all 
interconnected so that the supply will always be available. The 
interconnecting circuit breakers are fitted with interlocking de¬ 
vices and reverse-power relays so that by no possibility will the 
generators in one room be thrown in parallel with those in 
another room. The distribution switchboards are designed with 
separate busbars for positive lighting and positive power and 
a common negative. . It is possible, therefore, to divide the load 
in various ways between the different dynamo rooms. To facil¬ 
itate this, indicating voltmeters and ammeters are connected 
in the local and remote circuits and a diagram of the busbar 
connections is painted in grooves on the front face of the oil- 
finished slate panels. 

Lighting System 

The vessel is provided with approximately 3000 fixtures. 
The design is similar to the usual water-tight vapor-proof globe 
type used in marine work. The screw-base lamp socket is, 
however, made solid instead of a spring, a composition-insulated 
base provided instead of porcelain and the globe is flanged and 
held in place by the guard instead of being screwed into the base. 
In the magazines and shell rooms, specially guarded fixtures con- 
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tabling two lamp sockets are installed. The lamps in these fixtures 
are connected to different circuits so that the failure of light in 
these compartments may be averted, B oth carbon and tungsten 
incandescent lamps are furnished; the former in sizes of 35 watts 
and GO watts, clear; the latter in sizes of 32 watts, clear, frosted 
and tubular. A special fixture containing a 250-watt tungsten 
lamp and provided with a reflector is arranged for portable con¬ 
nection in the engine, boiler, and dynamo compartments. This 
same type of fixture is also employed for coaling booms, pro¬ 
peller booms, and gangway lighting. 

Life tests of the 220-volt tungsten incandescent lamps showed 
as high as 98 to 101 per cent of the initial c.p. after 1162 to 972 
hours burning. The spherical reduction factor for the tubular 
lamp was 0,96 and for the pear-shaped bulb (s-19) was 0.914, 

The 38 lighting feeders are divided into three circuits; one 
for general illumination under cruising conditions, one for white 
battle purposes, and one for blue battle purposes. In this latter 
circuit the globes are of a deep blue color, making the light invis¬ 
ible at a short distance. The distribution of the small lighting 
units has been made with due regard for cross circuits so that no 
general spaces of the vessel may be put in darkness by the 
blowing of a fuse or any, other failure of an individual circuit. 
The distribution of these lights was based on the number of 
candle power-per cubic foot of space to be lighted; thus in the 
Admiral’s quarters a maximum of 0.08 c.p. per cubic foot was 
required and in the storerooms a minimum of 0.01 c.p. per cubic 
foot. Each officer’s stateroom of ordinary size is provided with 
one fixed light, one portable light, and an outlet for a 12-inch port¬ 
able electric fan. 

As shown in the diagram (Fig. 2) the feeders are led from 
the main distribution switchboard to approximately their center 
of distribution. Mains are then branched from the feeder, 
and terminate in fused distributing panels of water-tight con¬ 
struction. From these panels branches are led off to the in¬ 
dividual lights. Not more than four lights (one ampere) arc 
allowed to depend upon the same fuse. The branch leads are 
all of 1,6-mm. (3260-cir. mil) twin conductor, 

For night battle purposes the vessel is equipped with 12 
motor-operated, remote-electrically-controlled 110-cm. (43,3-in.) 
searchlights and one portable signaling projector of 35 cm. 
(13.77 in.), As these projectors operate more satisfactorily 
when supplied with 110 volts, it was considered advisable to 
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transform the 220-volt supply circuit through special balancer 
sets. Two such machines are installed in the vicinity of the 
oil engine dynamo room, wherein are located the contiol switch¬ 
board for them and the distribution board for the search-light 
feeders. Each balancer set is rated at 70 kw., 1000 rev. per min., 
110 to 220 volts, the full load current on the neutral being 637 
amperes. They are compound-wound, and the series and shunt 
coils are connected so that they act accumulatively on the genet a- 
tor and differentially on the motor. The series and shunt coils 
in one frame are connected across the armatuie of the othei fiarne 
for the purpose of producing constant voltage at each end. The 



sets will maintain a difference of potential not in excess of seven 
volts under any conditions of load with an impressed e.m.f. of 
220 volts. Either end of these sets operates as a motor or genera¬ 
tor as may be demanded by the load. 

* Only a brief description can be given of the searchlights proper. 
Fig. 4 shows the lamp mechanism. Fig. 5 is a wiring diagram 
when the carbons are apart, Fig. G the same with the carbons 
together, and Fig. 7 gives curves illustrating the time saved by 
the employment of a shunt motor for automatically adjusting 
the carbons in preference to a compound-wound motor. The 
twelve 110-cm. (43,3-in,) searchlights are similar in every respect 
except that one projector is equipped with a remote-electrically- 
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controlled signaling shutter. The lamp mechanism consists of 
a small electric motor which functions through gearing and so 
moves the carbons. The field and armature of the motor are 
controlled by a differential relay and two auxiliary relays which 



Fig. 5—-Diagram of Lamp Connections—Carbons Apart 


cause the armature either to stop or rotate to right or left. The 
first takes place with the current and voltage normal, the second 
when the amperage is too high and the voltage too low, and the 
third when the last condition is reversed. Besides the regular 



Fig. 0—Diagram of Lamp Connections—Carbons Touching 

field winding there is an additional winding on the motor field 
to carry the full lamp current. This produces a strong field 
when the voltage across the arc falls below normal and furnishes 
a dynamic braking effect for retarding the movement of the motor 
armature. For signaling purposes the searchlights are equipped 
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,vith iris shutters similar to camera shutters. These are all 
manually operated, except, one, in which latter case a^m 
blind shutter, remotely controlled, ».also provided Jheop^ 
arrangements are such as to provide rapid means f “^ ng 
over from a dispersed to a closed beam of light. _ This is 
comnlished by means of a double disperser, consisting of tw 
parallel systems of plano-convex cylindrical lenses, which may 
Sin together or separated. A sighting telescope at¬ 



tached to the side of the drum; a complete lamp telegraph in- 
dicating the positions of the searchlight at the conti ollei, anc 
a set of electrical instruments, consisting of-a voltmeter and 
ammeter, are furnished with each searchlight. A complete hori¬ 
zontal cycle of the searchlight may be accomplished either in 
28 seconds or approximately 15 minutes by means of the electric 
remote control. This control may be detached and the mecha- 
nism operated locally by hand. 










1574 IIORNOR: BATTLESHIP EQUIPMENT [Oct. 12 

Power System 

The following list shows the extensive applications of the 
electric power and gives the rated load for each equipment. It 
should be borne in mind that these numerous equipments have 
their special uses and are brought into action in general upon 
different occasions. Such systems as the ventilation system, 
sanitary pumps, etc., etc., are continuously in service; but on 
the other hand the deck machinery such as boat booms, deck 
winches, coaling winches, etc., is only used when in port coaling, 
handling small boats, etc. In like manner the turret machinery 
is only used under battle conditions or for practise drills. 



Rated 

Total 


Rated 

Total 

No. Equipment 

horse 

horse 

No. Equipment 

horse 

horse 


power 

power 


power 

power 

2 Boat Boom Hoisting.. 

60. 

100. 

5 Refrigerator Pumps... 

19.5 ' 

07.5 

2 Boat Boom Topping .. 

30. 

00. 

5 Brine Pumps. 

3.6 

17.6 

4 Deck Winches. 

35. 

140. 

2 Ozonizer Motor-Gen- 



10 Ammunition Hoists... 

3. 

48, 

erators... 

1.3 

2.0 

6 Ammunition Hoists, . . 

r>. 

30. 

2 Ozonizer Pumps. 

0.5 

1. 

12 Forced Draft Blowers. 

35. 

■120. 

9 Elevators. 

4. 

30. ' 

1 Anchor Windlas9. 

100. 

100. 

1 Wireless Motor-Gen- 




100. 

100. 


18. 

18, 

2 Coaling Winches. 

160. 

300. 

2 Alternating-Current 



1 Steering Gear. 

150. 

160. 

Motor-Generators.. 

37. 

74. 

3 Bilge Pumps. 

70. 

210. 

1 Dish Washer.. 

1. 

1, 

14 Bilge Pumps. 

35. 

400. 

1 Meat Sheer.. 

0.5 

0.5 

2 Searchlight Balancer 



1 Meat Chopper. 

i, 

1. 


03. 

186. 


i. 

1. 

1 Fire Pump. 

00. 

GO. 

1 Ice Cream Freezer. ... 

1. 

i. 

2 Fresh Water Pumps.. 

G. 

12. 

1 Egg Beater... 

2. 

2. 

2 Sanitary Pumps. 

35. 

70. 

1 Extension Lathe. 

3, 

3. 

1 Drainage,Pump. 

3. 

3, 

1 Tool Room Lathe, 



2 Thermo Tank Pumps. 

35. 

70. 

14-lnch... 

0.75 

0.75 

3 Turbine Lifting Gear. 

30. 

90. 

1 24-inch Shaper....... 

3. 

3. 

1 Laundry.. 

0. 

0. 

1 30-inch Radial Drill,.. 

2.6 

2.5 

1 Printing Press. 

0.25 

0.26 

1 10-lnch Sensitive Drill. 

s 0.75 

0.75 

3 Speed Signal Balls..., 

0.6 

1.5 

1 14-inch Tool Room 




t . 

1 . 


0.75 

0.75 

1 Dough Mixer. 

2.5 

2.5 

1 Grindstone.,.. 

, 1 

1 

1 Diesel Engine Oil 



1 40-inch Boring Mill. .. 

3 

3 

Pump. 

1.75 

1.75 

1 Cutter and Grinder,.. 

1 

1 

I Diesel Engine Cooling 



1 Tool Room Lathe 14- 



Water Pump. 

2.7 

2.7 

inch .... 

0.75 

0.75 

12 Turret Turning. 

25. 

300. 

1 Sensitive Drill 16-inch. 

0.76 

0,7?^ 

12 Gun Elevating... ...» 

15. 

180. 

1 Lathe for Armorer's 



13 Turret Hoists... 

7.6 

07.5 

Workshop. 

0.75 

0.75 

o Turret Hoists... 

12, 

60. 

1 Shaper for Armorer’s 



1 Dryer Room. . . .. 

1. 

i. 

Workshop. 

2, 

2. 

1 Roentgen Ray Equip- 



1 Sensitive Drill for Ar- 



ment... 

5. 

5. 

morer's Workshop,, 

0.75 

, 0.75 

1 Vacuum Cleaner..... 

0.33 

0.33 

' 1 Forge Blower... 

0.75 

0.75 

1 Electro - Mechanical 



1 Foundry Blower. 

6. 

5. 

Hammer ..... 

5. 

6 1 

1 Athletic Horse...,.,. 

2. 

2. 

2 Torpedo Air Compres- 



1 Moving Picture Ma- 



sors... 

00. 

180, 

chine.... 

17,0 

17.0 
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Fig, 13—Main Distribution Switchboard 
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Rated Total 
. Equipment horse horse 

power power 

i 600-cu. !t. Ventilation 
Fans. 

) 1000 cu. ft. Ventiln- Q 

tion Fans. 

1 1600 cu. ft. Vontlla- , 

tion Fan.* • ■ 

o 2000 cu. ft. Vcntila- fl 

tion Fans. 

14 2500 cu. ft- Ventiln- 

tion Fans.••• 

3 2500 cu. ft. Ventiln- 

tion Fans..,..,. 3 ’ 5 1U ' 

•1 5000 cu. ft. Ventila- p 

tion Fans ••• 8 -" ,a * 

0 5000 cu. ft. Ventiln- 

tion Fans. 3B ' 


No. Equipment 


Rated Total 
horse horse. 

. power power 


2 5000 cu. ft- Ventila- ^ 

tion Fans. 

7 0000 cu. ft. Ventila- ■ 

tion Fans. .. 

5 0000 cu. ft. Ventila- 

tion Fans.. 

2 8000 eu. ft- Ventila- ^ 

tion Fans.‘ 1 ' 11 ' 

0 8000 cu, ft. Ventila¬ 
tion Fans ’ 

2 10,000 cu. ft; Ventila- 

tion Fans. 

S 12,000 cu. ft. Ventila- 

tion Fans.. 11 

2 15,000 cu. ft. Ventiln- 

tion Fans. 1U ' 


■ -p 1) , OU ■ 

As shown in the cable scheme> f or ^^^g^hboards 1 
tea they are branched .n o ^„ of 

25 5SS ^ "f g pMt ** 

used, vizi open, semi-enclosed, faDy reg ulated by 

ventilated. The small rnolois up j vboye 10 h.p.-drum 

simple starting and field co 1 ^ equipme nts per- 

controllers are employed. , 150 h n contactor 

forming special service and requiring 50 to lo0 h.p., 

control with dynamic braking is piovidcd. 

Steering Gear _ _ , 

The electrical equipment is g^telemofor gear 

steam steering engine, °P eia f - heS on i y sufficient power 
fon a « follow-up ” system and £u in 40 scc onds, 
to carry the rudder from haid o The motor 

which is half the time requirement ofthe sto g mA> 

is of the commutating pole, open type, c 
rated at 150kp,400 to «* ft* 

trolling appliances compi _ ‘ el anc 1 the necessary 

switch mounted m one case, a con. I In the 

armature rheostats operated by the same. 
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master controller are two cylinders provided with rings; these 
make electrical contact with plungers; one of these cylinders is for 
the controller, the other for the limit switch. Both cylinders 
turn freely on their supporting shafts. The controller cylinder 
operates through a connecting rod from the operating shaft of the 
steering gear. The limit switch cylinder operates through a 
sprocket chain from the main steering gear shaft. The differential 
gear, or “ follow-up ” device, is located between the two cylinders 
and is designed to turn the controller cylinder off by motion of 
the main shaft of the steering gear which turns the limit switch. 


Diesef Engine Gen. Sw.bd. 

2 - 7 5 Kw. Gens . ■' 

Aft Searchlight Dist.Bd. "^1 



—J7 — 

3:188 Scj.VH.Se. 


'//. . rawer Sc?.MM. S.C. 

// p Lighting ||HOB Sq. MM. S.C. 
ol -.Common Sq.MM.S.C. 


•~V?For'd. Searchlight 
~7/ Dist. Board 



2M8B Scf. MM. S.C, - 
■+ Power 6 m l83S(j.MM, 

L igh ting /*/58 Sq. MM. SC. 
-Common 7-fflG Sq.MH.SC 




3-m Sq, MM. S.C • ■ 

? 2-i8dSq.MM.se. 


Mw. Turbo Generators 


<?/ for AC. Motor Oen. Set NoZ 


Reserve 


Mn in Dis t. Bet. 
Mo. 4 


Reserve-2'tOB Sg.M 

n. s. c, ’ 



Main Distribution 
Board No. t 


Pane! for AC. Motor Gen. Set No. S • 

£-215Kw. Turbo Oen.'-. 


' 76.0 Sq.HMSCXZ) 

Pig. 10—Diagram of Powisu Distribution 


Main Distri button Bd. 
No. 2 


The latter strengthens the field of the motor when the rudder is 
displaced more than 10 deg. from the midship position. The 
mechanical connections are such that the motor will stop when 
the rudder has reached the angle for which the steering wheel 
has been turned. The motor field cannot be weakened until all 
of the accelerating contactors have closed, after which the con¬ 
troller will maintain full field until it has been turned through an 
angle corresponding to 3 deg. movement of the rudder from 
starting position, and intermediate field from 3 deg. to 5 deg., 
after which the motor will run at weak field until the rudder has 
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reached 10 degrees from the midship position. Mounted upon 
the contactor panel are 10 armature contactors, two field con¬ 
tactors, one disk brake contactor, two counter e.m.f. contactors, 
an overload relay, a double-pole, fused, control switch, and a 
single-pole testing switch. The overload relay controls four of 
the five accelerating circuits whereby they operate, resistance is 
introduced into the armature circuit, and the field rheostat short- 
circuited so that the motor is protected against continued over¬ 
load without being actually stopped. In this manner accidentally 
losing control of the rudder cannot occur. The limit switch is 
arranged to stop the motor at the 35-deg. position of the rudder. 
Dynamic braking is provided in connection with the electro¬ 



mechanical disk brake in order to provide prompt stopping. 
The rudder can be turned at slow speed throughout its travel, 
provided the steering wheel is turned slowly, thereby permitting 
the motor to turn the controller cylinder backward as fast as 
it is turned forward by the steering wheel, This may be ac¬ 
complished while the controller cylinder moves back and forth 
between limits corresponding to 2.25 degrees motion of the 
rudder, as the motor will start with a motion of cylinder equivalent 
to 0.75 cleg, movement of the rudder and the field will be weak¬ 
ened with 3 cleg, similar motion. 

Turret Hoists 

The turret turning gear and gun elevating gear are operated 
by constant-speed motors, and speed variations are accomplished 









\ 
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by mechanical means. Ventilation blowers in the turrets are 
similar to the regular hull ventilation fans, except for increased 
pressure. The independent hoists complete the electric power 
equipment of the turrets. The main ammunition hoists are 
operated by hydraulic power and the electric hoists are provided 
as an auxiliary. Two upper hoists are fitted in each of the six 
turrets. These are operated by 7.5-h.p. motors. One lower 
hoist is fitted in each turret. One of these is operated by a 7.5- 
h.p. motor and the others by 12-h.p. motors. As these equip¬ 
ments are generally similar in their operation, only the 12-h.p. 
lower hoist will be described. 

The apparatus consists of: a contactor panel upon which are 
mounted the accelerating contactors, overload relay, current- 
limit relay, and voltage relay; the master controller located at 
the bottom of the hoist; the emergency controller located .at , 
the top of the hoist; the limit switch and rheostats, By means 
of automatic interlocks on the contactors the connections are 
regulated between the master controller, limit switch and • 
emergency or upper controller; so that upon turning the master 
controller to the "on” position the disk brake releases and the 
motor starts. When the hoist, therefore, reaches its limit in 
either direction dynamic braking is introduced and the motor 
stops. When the operator at the top of the hoist desires to 
stop the hoist he turns the emergency controller to the "off" 
position, the contactors operate automatically and stop the motor. 

If the limit switch is now left in an intermediate position the 
motor will automatically start when the emergency controller 
is turned to the "on” position. If the limit switch has been 
turned to the "off" position by the hoist then the motor will ., s 
not start until the master, or lower, controller is turned to the. 
first controller notch, In'case of overload,, the overload relay 
through the interlocks will open the contactors automatically 
and stop the motor. The hoist cannot he started again until 
the operator returns the master controller to the "off” position, 
which permits the plunger of the overload relay to drop. Nd 
■ is necessary to unlock the reversing cylinder of the master's^ 
controller mechanically in "order to use the hoist for lowering. 

The connections for this operation are so arranged that the 
accelerating contactors and current-limit relays are inoperative 
and suitable resistance introduced in parallel with the armature 
and a large current capacity resistance connected in series with, ,■ 
the'armature and starting resistance; by reason of which the 
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Pig. 27—Electric Engine Tele- Pig. 28—Electric Engine 

graph Transmitter Telegraph Receiver 
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Pig. 31—Wireless Telegraph Pig. 31A—Wireless Telegraph Transmitter 

Receiver 
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Fig. 32—Wireless Telegraph Wave Meter 
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, ol5t will lower slowly. Other toc«o» W** <« si '" n ” 

to those of hoisting. 

Anchor Windlass Equipment 

The electrical apparatus acts only - “ “,“t 

steam windlass and ts desugne 0 3fit”comprises a 100-h.p., 476- 

tad of the ,fTo3™und-wound, commutating-field motor of 
rev. per min., compoui u . i brake; two water- 

the open type which ts equippedi with‘ ^ mou „ ted 

tight, drum-type, reversing maste gather deck; 

MdW cUps, i amall *£ 
the master controller but beyond that «»«»£* ^ t ' e 

amount, regardless of the f“ 0 ' ™“ t he load should 

r^tMTASKESU* relay has *“ 

ss T3 :rt y 33"o c ;x3 «». be p - T 

Itigta than the 

motor in case of excessive »7“ 5 ;. "off° 3Sion. The 
reset by bringing the controUer con . 

armature and commutating e t .filer. Tlic low volt- 

nected and consequently me level starting automatically 

age relay prevents the be brought 

srs - - *«* - 

established. 

/ Roentgen Ray Outfit 

’ ,~rs-s:,~TSZ‘Jtr: s™ t 

Two Gundelach X-ray tubes. 
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Two Burger-Central X-ray tubes with curved anticathode, 
air-cooled. 

Two Bauer-Delta X-ray tubes with softening adjustment. 

One three-part Welinelt interrupter with one thin and two 
thick platinum electrodes. 

One control switch panel. 

The apparatus is located in the operating room adjacent to 
the sick bay. It .is of interest because of the originality of the 
application. 

Moving Picture Machine 

Like the X-ray outfit the installation of a cameragraph on 
a man-of-war is unusual. The outfit represents the very latest 
design of such machines and is of American manufacture. The 
apparatus is supplied by a 220-volt circuit and the films are 
rotated by an adjustable speed, 220-volt, d-c. motor. All the 
safety attachments required by the underwriters and those 
automatic devices necessary for smooth performance are pro¬ 
vided. The apparatus is portable. 

Signaling . Systems 

The third division of the electrical equipment is classified 
under the head of Interior Communication Systems, although 
a few of these are solely for exterior use. They constitute the 
means for the transmission of intelligence throughout the vessel 
and are responsible for its behavior when a component part of 
a military squadron. 

The systems comprising this division are given in the follow- 

important and unusual applica- 

Engine Order Telegraph. 

Eire Room Telegraph. 

Turret Salvo, 

Torpedo Defense Salvo. 

Anchor Handling. 

Coal Bunker Alarm. 

Boiler Firing, 1 ' N 

Boat Hour Gong. 

Day Battle Salvo. 

General Alarm. 

Cease Firing. 

Torpedo Firing. . 

General Telephone. 

Captain's Telephone. 

Fire and Engine Room Telephone. 


mg list and a few of the more 

tions will be briefly described. 

Call Bells. 

Reply .Signals for Mechanical 
Telegraphs. 

Fire Alarm. 

Electric Clock. 

Shaft Revo'ution and Direction 
Indicators. 

Electric Log Indicator. 

Fuel Oil Indicator. 

Ammunition Hoist Indicators. 

Gun Firing. 

Engine Revolution Order Tele¬ 
graph. 

Helm Angle and Steering Tele¬ 
graph. 
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Turret Telephone. 

Fire Control Telephone. 

12-in. (304.8-mtn.) Fire Control 
Telegraph. 

6-in. (152.4-mm.) Fire Control 
Telegraph. 

Turret Danger Zone. 

Turret Tell-Tale. 

These systems are supplied 
on the vessel, the forward inter 


Azimuth. 

Course Telegraph. 

Gyroscopic Compass. 

Pyrometer, 

Anemometer. 

Electric Whistle. 

Wireless Telegraph. 

with power from two stations 
or communication room and the 


A-\ Vatj D/s/. Pa not 
for A ft.A.C. Circuits 



Fig. 24—Diagram or Interior Communication Distribution 


forward dynamo room, There are two central signaling sta¬ 
tions, one forward on the upper platform deck below armor 
and. the other on the gun deck aft. The vessel is further pro¬ 
vided with two conning towers, one forward and one aft; two 
observation towers; and several gun control stations. 

A number of these equipments operate on 220 volts direct 
current, supplied in duplicate from the forward and after main 
distribution switchboards. However, certain of the telegraph 
systems require 120 volts alternating current; others, such as the 
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telephone system, clock system, call bell system, require 15 volts 
direct current; and the fire control telephone system requires 35 
volts direct current. These transformations are accomplished by 
means of small motor-generators, usually supplied in duplicate. 
The a-c. motor-generators, which are rated at 18 lew, single-phase, 
50-cycle, 120 volts, being of rather large size, are located one in 
each dynamo room. The a-c. control panel is located in one 
of the compartments constituting the forward central station. 
Supply to this panel is brought directly from the control panel 
of the after motor-generator set and, via the after interior com¬ 
munication control panel, from the forward motor-generator. 
The 15-volt d-c, motor-generators are both located in the 


Indicator Transmitter 



Fig. 26—Cable Scheme eor Interior Communication System 

forward dynamo room directly below the after interior com¬ 
munication control panel, which contains a panel especially for 
this distribution, Thus the after interior communication switch¬ 
board contains three panels; one for the distribution of 220- 
volt d-c. circuits, one for the 15-volt d-c. circuits, and one for 
the 120-volt a-c. circuits. The forward interior communication 
switchboard contains two. panels, one distributing 220 volts 
d-c. and the other 35 volts d-c, This switchboard receives 
energy from the two 35-volt d-c. motor-generators for the fire 
control telephone system and the two ringing motor-generators 
for the general telephone system. It also supplies 220-volt 
direct current to the two motor-generators for the gyroscopic 
compass system. The 220-volt busbars are energized directly 





nil l| 


noN.xtW: it .i rru'.siur mwirxiiuxr 


i nsa 


from the after main dintrihulion switchboard, ami also from 
llm forward main ilislrilmtion switchboard via llie after interior 
communication switchboard. ICvery possible precaution bus 
been taken to avert, any failure of operat ion due to lack of supply 
or interrupt ion of sendee. It is interest inp to note that a dia¬ 
gram of the busbar connections is cut into the face of all swileh- 
hoardii and fliese grooves filled in with colon d paint. 

Tni.iaiKAi'ii Systkms 

There are about III systems, r.ueh as engine order telegraph, 
course lelep.raph, etc., which are operated on the principle of 
an unbalanced circuit, i.v., when the circuit, is undisturbed no 
current flows, 'rims a constant u-e. field, which ehanpes its 
direction currcspondiiiK to the periods of the exciter current., 
induces currents in the armature coils. The armature of one 
motor let us say transmitter is wound with three intercon¬ 
nected coils and connected by three wires directly to the arma¬ 
ture coils of the receiver motor. The power in the armature 
windings depends upon the rotative position of the arniufurt! 
coils in the field of force. If the armature of the transmitter 
and receiver have the same position relatively to the Held then 
the induced e.m.f. would he of the same value ami the wires 
between the two armatures would carry no current. If the 
armature of (he transmitter is moved so as to unbalance the 
armature circuit, then current Hows in the armature windings, 
produces a torque, and the armature of the receiver turns to 
the same position. When this occurs the eqiiaii;mi|i currents 
disappear, and with them the torque. 

Any desired number of orders can lie arnmiyd for transmis¬ 
sion, and any number of receivers eomn eled to the transmitter 
without iucrcusii)}' tin* number of coimccliiip wires. Hive wires 
are needed for a simple circuit, two for the field and three for 
the armatures. I*or ivpral.inj; instruments two sets of motors 
are employed. Tlu* transmitter motor is usually larger limit 
the receiver motor, due to the fuel, that it often operates a num¬ 
ber of receivers, linei'cy is delivered to this apparatus from 
a 120-volt a-c., single-phase, at) cycle motor “generator, via a 
step-down transformer, which lowers the potential to nil volts. 

These instruments have a Inrjre and varied use, as shown in 
the above list; seitdinp orders from the hridpe to (lie engine room, 
indiculini: tile position of the rudder direct from Hie rudder 
stuck to the navipalnr, i;ivinp orders for a elumpe in course of 
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the vessel, transmitting emergency orders from the bridge or 
conning tower when the regular steering gear is deranged, 
ordering small changes in speed when in squadron maneuvers, 
furnishing signals from the gun-firing station to each and every 
gun, and many other purposes too numerous to record. 

Pyrometers 

There are six boiler rooms on the vessel from each of which 
are led three uptakes to the two smolce-stacks. Each uptake 
is provided with a base metal thermocouple pyrometer. Nine 
of these eighteen couples indicate at two stations, one in the 
forward boiler room hatch, and one in the after boiler room 
hatch. The indicators are of the low-resistance type mounted 
in special water-tight cases and provided with a nine-point 
switch for the purpose of reading each uptake temperature. 
The thermocouples are formed of a nickel alloy wire and capable 
of constantly measuring a temperature of 1800 deg. fuhr. and 
intermittently up to 2000 deg. fahr. The head of the couple 
is specially arranged for mechanical protection and water¬ 
tightness. 

Anemometer 

This is an unusual equipment for battleships, The apparatus 
consists of a transmitter comprising a pivoted rotative vane 
carrying at one end a fan. The vane in orientation and the 
fan shaft through a worm gear translate their movements by 
means of electrical contacts, Thus the velocity ancl direction 
of the wind will be recorded. The instrument for the Moreno 
was ordered from France and registers sixteen directions. The 
direction and velocity of the wind are checked off by the pen on 
the registering chart in increments of one mile (1,609 km.), 
every time the wind changes. The maximum record for the 
chart is 62.13 miles (100 km.) and when the pen reaches this 
point it automatically returns to zero. The transmitter is 
located on the top of the forward'cage mast and the registering 
apparatus in the central station, It requires five wires between 
transmitter and register and operates on approximately four 
primary cells. . , 

Engine Revolution, and Direction Indicator 

Each of the three main turbine propelling shafts is equipped 
with a contact-maker for indicating the number of revolutions, 
a contact-maker for indicating the direction of the shaft, both 
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located in the engine room; a synchronizing clock and indicator 
also located in the engine room near the working platform; 
and three indicators located in the pilot house, forward con¬ 
ning tower, and central station. Eight wires are required to 
each indicator, three for-the direction tell-tale and five for indi¬ 
cating the speed. Energy for operation is taken from the 15- 
volt busbars of the after interior communication switchboard. 
This apparatus is manufactured in Italy and is known as the 
Molinari speed indicator. 



Pig. 29—Interior View or Speed anii Direction Indicator 

The direction contact-maker is a simple make-and-brealc con¬ 
tact operated directly from the shaft through chain and gearing. 

Phe i evolution contact-maker consists of a lignum-vitae 
cylinder carrying three brass sectors made flush with the per¬ 
iphery. It is located near the main shaft and arranged to turn 
at the same rate of speed. It is provided with two brushes 
insulated from each other and mounted on spring blocks. 

The synchronizing clock controls the make-and-brealc con¬ 
tacts of the revolution contact-maker so that these impulses 
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may be interpreted by the indicator in measured time. A flat 
commutator provided with three segments insulated from each 
other is mounted in the clock and traversed by a metal brush. 
In this particular installation the “long-make” segment is de¬ 
signed to be maintained for a period of 15 seconds and the two 
'‘short-make” segments two seconds each. In this manner the 
speed during the fifteen seconds previous to reading the indicator 
is correctly measured, 

The indicator consists of a train of clock gears actuated by 
a spring. Fig. 29 shows an internal view of the mechanism and 
Fig. 30 represents a plan of the clockwork, 



Wireless Telegraph 

This apparatus is of German manufacture and known as the 
Telefunlcen “quench-sparlc”, variometer system. The set is 
rated as 5 lew. in the antenna with a primary energy of 8 lew. 
The advantage of the variometer principle is that it permits 
of a variable range of wave length, which range .may be chosen 
between 600 meters (1968 ft,) and 2000 meters (6560 ft.), de- 1 
pending upon the capacity of the aerial. 

The motor-generator set is supplied with a double feeder 
from both of the main distribution switchboards. This set con¬ 
sists of a 220-volt d-c. motor of 18 h.p. and an a-c. generator 
rated approximately 8 lew., 500 cycles, 220 volts. The normal 
speed of the set is 1500 rev. per min, but can be vailed for the 
purpose of altering the spark frequency and thereby the note 
of the transmitter about 20 per cent in either direction. The 
pitch of the transmitter note can also be adjusted very exactly 
by varying the field of the generator. 
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A straight core transformer steps up the 220-volt potential 
to 8000 volts. A primary choke coil is conneeled in scries 
with the low-tension winding of the transformer. When the 
large capacity (5 Leyden jars) is used, I he choke mil is used as 
a quenching coil in pnmllel with tin* emergency key, thin 
coil prevents severe sparking when the emergency key is brought 
into action. A secondary choice coil is connected in series wit h 
the high-tension winding of the transformer. This choke roil 
affords not only protection against high frequency, hut also 
provides resonance between the. transformer and the excitation 
current;. 


The (dosed oscillatory of flic transmitter consists of a halt cry 
of four or live Leyden jars of a (rapacity of from 10,00(1 to 12,0(11) 
centimeters each (().()I to 0.019 microfarad). Four or Jive of 
these jars (tun he connected by means of a sliding coal art. as 
may be required. Next there is provided a JO-parl quenched 
spark gap which is air-cooled (maximum number of gaps to be 
used, 12) and a primary variometer. This latter consists of t hree 
fixed and two movable coils which can he connected cither in 
series or parallel by means of a switch. This gives a variable 
inductance in flic ratio of 1 to 1(1. The variometer scale is 
graduated so ns to enable any wave length between (i()l) meters 
(lOliS ft,) and 2000 meters (0500 It,) to lie ad justed in a moment. 


I h<? iinUuiMu will l>u of tin? L t.ypn, shuitiuj' from Urn (Yuvnifuil; 
to the mainmast.. The direct distance is 111(1 ft,, (50,8 m.) 
and the hypotenuse 200 ft. (02.8 m.). The antenna capacity 
has been fixed to absorb an oscillatory energy of 5 kw. without, 
loss, providing lor the above stated wave lengths. In this circuit 
is the antenna variometer, which consists of six fixed ami live 
movable coils arranged in two groups. My means of Um scale 
and the corresponding curves, waves up to I 150 meters (•1750 ft.) 
can be adjusted. For waves above this a lengthening coil is 
connected in scries with the variometer which increases the wave 
range to 2000 meters (0500 ft,,). 

For receiving purposes a crystal detector is used It, iseluiimd 
that this lias the property of converting the higli-freqiiemy 
currents (lowing through it info unidirectional currents. There¬ 
fore, it operates without any auxiliary e.m.f. and the receiving 
apparatus does not, contain a local battery, if is also claimed 
that, tt very high degree of sensitiveness is shown when receiving 
.if long, distances. My its use the cnimcctious are also very 
much simplified. lJinleriieal.li (lie variable receiving transformer 
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is a two-pole change-over switch marked "long waves" and 
' short waves.' When the switch is on the position “short 
waves,” the connections are as follows: Antenna, lengthening 
coil, variable condenser, earth or counterpoise. When the 
switch is on the position “long waves,” the lengthening coil 
and variable condenser are connected in parallel to form a closed 
oscillatory circuit. The antenna now is connected to one pole 
of the condenser and the earth or counterpoise to the other. 

With both methods of connection, the energy is transferred 
from the low-tension transformer coil which is in series with the 
antenna into the high-tension transformer coil. The latter 
forms, with the detector, an aperiodic circuit. This requires only 
one circuit to be tuned, viz.—for “ short waves ” the antenna 
circuit and for “ long waves ” the closed oscillatory circuit. 
Means are also provided for increasing the capacity of the re¬ 
ceiver through an intermediate circuit whereby disturbances 
from other stations and atmospheric discharges may be avoided. 

The design of this apparatus is such as to provide every 
means for the protection of the apparatus and operator from 
high tension. Behind the vertical frame of the receiver is a 
high-tension terminal and the high-tension switch, to which the 
leads from the antenna and the transmitter are connected. By 
this means the antenna is connected to the receiver and the trans¬ 
mitting circuit automatically interrupted. 

This equipment has a guaranteed range of 1000 kilometers 
(621.3 miles) by day and 2100 kilometers (1304.7 miles) by night. 
That these guarantees will be exceeded in practise is seen in the 
report of trials on the sister ship Rivaclavia, where communi¬ 
cation" was held between Boston and Colon, a distance of ap¬ 
proximately 2000 miles (3218 kilometers). 

Gyroscopic Compass 

This apparatus is of German manufacture and is named, after 
its designer, the Anschutz gyro-compass. The design is based 
upon scientific principles laid down by the famous French philo¬ 
sopher Foucault. He arrived at the conclusion " that any gyro 
with only two degrees of freedom, i.e., free to move in two planes 
only, will at any place on the earth’s .surface, other than the two 
poles, tend to set itself with its axis of rotation parallel to the 
axis of the earth itself, by reason of the relative rotations of the 
two bodies." 

The practical value of this mechanism depends upon two 
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essential points: the oscillations must be effectively " damped" 
and the suspension must be as nearly frictionless as possible. 
If the gyro be considerably deflected from the meridian line it 
will swing for a very long time and in this condition many new 
forces are brought into play. In this compass the movement of 
air set up by the gyro-motor not only provides ventilation for 
the motor but also enables “ damping ” of the oscillations. 
A small rectangular outlet for the air is cut in the gyro case, 
the space in the base of the binnacle is designed so that the air 
blast will be free from air currents in the casing, and thus the 
forces tending to tilt the gyro from the horizontal are opposed. 



Fig. 33—Sectional View of Gyroscopic Compass 


As will be seen in Fig. 33, the complete gyro with motor casing, 
etc., is suspended by means of a circular, hollow, steel float 
in a bath of mercury. The mercury bowl is supported on gimbals 
in the same manner as any ordinary magnetic compass. The 
compass card is directly attached to the float and gyro and the 
gyro axle is directly under the north and south points of the card. 
The gyro always points due north and south. " In order to 
keep the whole floating system central a steel stem is fixed cen¬ 
trally in the top glass and the lower end of the stem dips into a 
small mercury cup carried on the top of the float. A similar 
connection is effected by a steel tube mounted concentrically 
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with the stem and a second mercury cup. These two sets of 
connections are electrically insulated from one another and 
from the general metal portions of tire apparatus. These two 
connections carry two phases of a three-phase current to the 
motor of the gyro; the third phase reaches the motor through the 
meicuty bowl, mercury and float. The motor of the gyro con¬ 
sists of a very small three-phase motor, the stator of which carries 
the windings, so that all the connections can be rigidly made. 
The rotor is rigidly fixed into the inside of the gyro flywheel 
itself.’* Special nickel steel is used throughout and the axle 
is supported on ball bearings of specially hard steel. 

The master compass receives its energy from duplicate motor- 
generators. The motor-generator transforms the 220-volt 
direct-current to three-phase alternating-current at 120 volts 
and 333 cycles. The alternator has 16 poles and runs at a normal 
speed of 2500 rev. per min. Therefore' the gyro motor, which 
has two poles, runs at approximately 20,000 rev. per min. A 
control panel is provided upon which are mounted meters, 
switches, fuses, etc. 

The master compass is arranged so that the mercury bowl 
may turn without any work being thrown on the gyro. The 
design is such that the mercury bowl always " follows " the 
movements of the gyro. This is only apparent, as it is the ship 
and binnacle that move. When the ship turns, a corresponding 
movement is imparted to the mercury bowl. The compass 
card of the floating system carries a small contact ball which is 
in contact with one phase of the three-phase supply, Attached 
to the mercury bowl but insulated from it are two semi-circular 
contact bands. Any movement of the ship will bring the contact ‘ 
ball of the floating system into contact with these semi-circular 
bands. These contacts control a two-phase reversible motor 
mounted on the gimbal rings which when contact is made rotates 
the mercury bowl until the contact is broken and the circuit to 
reversible motor is open. This motor, as just described, re¬ 
ceives its two-phase current from two of the three phases driving 
the gyro-motor. 

The transmission of these motions to the receiving compasses 
is accomplished by means of a commutator mounted on the axle 
of the reversible motor. This commutator is constructed half of 
glass and half of silver. Pour sets of.brushes are arranged around 
the commutator at a distance of 120 deg. Connections are 
made from each of these points to each receiver. The motor 
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of the receiver has a stator similar to that of a star-connected 
three-phase motor. The star point of the stator is connected 
by a brush to the shuttle armature. This synchronizing ar¬ 
rangement is claimed to repeat these movements with an accuracy 
of one-sixth of one complete revolution. The receiver motor 
is operated by direct current through a special resistance which 
acts like a potentiometer resistance and which branches the direct 
current at 140 volts. The supply of direct current is controlled 
by the same switch which controls the alternating current so 
that any failure of the supply will not throw the receiver out 
of synchronism. ' The receiver motors are geared to their outer 
compass card in the same ratio as the reversible motor of the 
master compass is geared to the mercury bowl. 

General points of interest regarding this device may be sum¬ 
marized as follows: ', > 

Peripheral speed of the gyro is 500 ft, (152.5 meters) per second 
or 340 miles (547.06 km.) per hour. 

The air friction is so great that it absorbs 95 per cent of the 
power of the gyro-motor. 

The directive force on the gyro-compass is approximately 15 
times as great as a .magnetic liquid compass, free from all disturb¬ 
ances. 

The gyro-compass, unlike the magnetic compass, points to the 
true north pole of the earth. 

Directive force diminishes as the poles of the earth are 
approached, because of the higher latitude. Therefore the 
actual distance moved by the gyro (in space) in a given time is 
smaller. No directive force exists at the poles. Every line 
there is a meridian. 

The angular momentum about the axle of the gyro is always 
100,000 times, and sometimes 1,000,000 times, as great as the 
component of the angular momentum due to precession. 

The following numerical data obtained from an actual instru¬ 
ment may be of interest. 


Righting coefficient at the equator...20,190 dyn. cm. 

Moment of inertia.404 x 10 7 g. cm 2 

Period of damped oscillation..4,110 seconds 

Period of undamped oscillation........3,080 seconds 


Conclusion 

This equipment is the largest and most costly ever installed 
in this country, comprising 3000 electric lights, 4000 rated h.p. 
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and approximately 76 miles (122.3 km.) of cable. It is a note¬ 
worthy engineering achievement in that it was a departure from 
American practise in the use of 230 volts; in the employment of 
lead-covered, steel-armored, conductors; in the application of 
220-volt tungsten lamps; in the use of electricity for the purpose 
of steering the vessel, operating the anchor, and the bilge pumps; 
and many more advances in the application of electrical power. 
The result has been fruitful to the American manufacturer in 
that he is now prepared to furnish standard 230-volt apparatus 
designed for use on shipboard. This equipment also stands as 
a practical solution of the many problems involved and as a 
working comparison with previous equipments. 
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Discussion on “ Electrical Equipment of the Argentine 
Battleship ‘Moreno’’’ (Hornor), Philadelphia, Pa,, 
October 12, 1914, 

H. L. Hibbard: I should like to know if the author could 
tell us something about the results of the tests on the electrical 
equipments which he pointed out as particularly novel and new, 
for instance, steering gear, anchor windlass, bilge pumps and 
ammunition hoists. All those are more or less novel, and I 
thought perhaps he could give us some actual data from this 
ship or possibly from her sister ship. 

Maxwell W. Day: I think there is a decided advantage in 
the 220-volt system, as far as the installation of the wire is 
concerned and also in the size of the controlling appliances, 
and also to some extent because of its effect on the design of 
the motors, especially in the larger sizes where commutator 
space can be saved, but, on the other hand, the motors 
require more turns, taking a greater amount of waste space 
for insulation and a greater use of commutating poles, so 
that for a larger number of the motors there is no saving in 
weight or expense. 

The question of operating searchlights by balancer sets or by 
other means is something of a problem. It is not extremely 
easy to determine whether it is better to put in balancer sets 
and use the rheostats or to use that type of generator which 
will give practically a constant current. With the 125-volt 
system there is no particular advantage in this type of generator, 
because its efficiency is not as high as that of other types, so 
that there is considerable loss in the machine itself, and the 
difference in using a rheostat for 125 volts to steady the arc, 
which might take 65 volts, or the use of a motor-generator set, 
does not show any great advantage for the motor-generator 
when we take into account the weight to be carried on the ship, 
although there might be cases in which the heat developed on 
the rheostats would be sufficiently objectionable to cause a 
decision in favor of the other arrangement. But when you come 
to 220 volts, the case is somewhat different, and in some navies 
special motor-generators, that deliver practically a constant 
current and require no steadying resistance for the arc, have 
been quite extensively used. 

The steel switchboard with the instruments insulated from 
it is German practise. It seems to have some advantages, but, 
of course, the question of insulation is more difficult than it 
is with a slate base or panel made entirely of insulating material. 
But some troubles that have been experienced with slate led 
the United States Navy to look for other substances, and on 
motor control panels the use of ebony asbestos wood in place of 
slate is becoming more extensive. The use of alternating cur¬ 
rent for the interior communication system is also a German 
practise, although the Germans use direct-current apparatus 
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w°: 1 do suppose the experience on the Argentine ships 
has been sufficiently extensive yet to decide on the relative merits 
so tai as these ships are concerned, 

asISnT Sti0n , that , Mr ’^ m , or raised > of continuous waves 
a s P ark 5 y s1 t ei h of wireless telegraphy, is one of interest 
,, very successful results that have been obtained with 

the continuous wave system, both when developed by the arc 
and by high-frequency generators, have led to the desire to 
make use of some such system on smaller outfits, such as those 

ill rn n W SS n 8, •" th t first place ’ there is a little difficulty 

m conveniently obtaining the short waves from the arc system 

and to build a small high-frequency generator for short waves’ 

s very expensive. Further, I understand that the short com 

Dher°e L V S hT aV + T ct t0 f greater Sorption in the atmos- 

douhtful tn th0S r < l 0 f f < spark astern, so that it seems rather 
doubtful to me that the continuous wave system will be exten¬ 
sively used for shipboard practise, at least in the near future. 

i might say a word about the steering gear, As Mr Hibbard 
knows, we have not advocated the contactor system for large 
equipments, but this particular case being one of 220 volts and 
of comparatively small power, it seemed to come within that 
mnge where contactors could be used with satisfaction, This 
particular system is not exactly what is being used in the United 
| ates ^avy , as Patels the follow-up device. The United 
States Navy does not use follow-up devices, so that when the 

the rilw ^ ^ « tUn i ed t0 th V' ight or left > the mdcler moves to 
the nght. or left as long as the switch is left in that position 

oi.until the limit switch cuts it off, while on the earlier systems 

i 11 ! 0 Steer l 1 ? g gear > the amount of motion of the motor 
depended upon the amount of movement of the steering wheel 
oi steering lever. It is rather difficult to make an electric 

SSwf d T“’. and so , in this case < aa d also in order to avoid 
adding to what is already an extensive electric equipment the 
electnc connecting leads between the steering gear 1 itself ’ and 

bv •».«"»«• «4 «. control i s operated 

^ (o° f i he Sam 1 wire rope or hydraulic telemotor that 
° p r at f s , t , he f ea m valve, the change-over connections being 
made m the steering room. a , 

nndi/f W T has had , its te’iffi trip, so that the tests at sea 
on this gear have not yet been made, and the final equipment 
on the Rwadavta has not had its full test, so that at present 

renufrlTofb n 1S availabIe concerning the amount of power 
required oi the general operation, 

i ■'f' f ierce > ? r : : The wiring and the method of installation 
dc ^' rd ? ed were rmique in this country and at the time this in- 

hSl anl Was f eSlgn 5 d ' As . Mr - Hoi ' no1 ' Stated, changes have 
6 n , g 0i } ! on J tune to time from a conduit system, which 
3t t0 b< r desired m any respect, and has been looked upon 
frnn 1 SUSpicl ? n sm ce the early days when the change was made 
from a wooden molding to' conduit, I think there will b? no 





1!1M| 


niscHsMio 4 v .1/ rini.im.i.ritiA 


I .V.i.'i 


met hi 111 
that «if 
feeder.'!, 
"1 inall 
with a 


occasion in (lie future In ivtuni to the conduit system, so thut 
as repaid:; 1 1 m* redia l ion in v.viphl and space and aha* (hr in 
creased facilities fur inspection, tin- pv. . m form of construction 
in !li<* Momio is an advama un til 

In lln' distribution of nuicy «v hud tin; ;;aint‘ 
thill, has always been employed in lhi.', ■«>imlry, 

separate dynamo rooms, with interconnect iup hie. 
necessarily iarpe switchboard-, a multiplied y of circuits 
Cl' 0 !W-see 1 ion |»:n;t!l< litu: each oiln r for picul leapt hr.. v ..< 
enrre>.|ioitdiiip mini !iit of protective device,, and inmn ion-, lavya 
tlllll rill 111 ml Si hi |r 1 1.11 id : I ail inn, device, nt< ill II S Thr Ill’ll (lllii - 
lion of :iH liphiinp circuits for a I«*!al of ddllli liplits, or an uvwape 
of SO liplits per circuit, and Iho ir > o| 71« mil. ■ «.j win- in the in- 
Kllillalinti of this size, is a continuance ,,f past practise, tiir ad- 
vtiiil ape of which liar, loitp taiim l.ini ipn aiom d in this country. 

While tin’tv ate some innovation:! in the appliraljon of ehs 
Lricity mi this vessel, the extreme application is not apparent. 
The eouummiratinp and liphtinp system comparci: with vc’.selfi 
of the liame dimensions 1 mill in this country, and hv a rompurittnu 
of the power mr.lullalioii with oilier vessels we timl hut few 
exceptions, viz., windlass, lire pump, oil i npine pumps, c|ci tro- 
meeliameal hummer, ozonators, athletic horse, and utnvittp pip* 
taire maeliine. There is also in use a power system which ap¬ 
pears to have hren advisedly omitted in vessels hath in iliis 
country, that, is, flic electric hared draft Mowers. Since the 
suecessinl eonslnietion ot small steam Inrhiues has hern tie. 
eomplislicfl, the inslallation of rieHrie motors for juiced draft 
I ilowers results in a waste of space, weiphi and economy. While 

we desire to see the unlimited in.. the electric motor, it is 

the speaker's opinion that this con-(deration will apply to all 
auxiliaries within the zone ot the boiler and machinery spaves, 
where power is avuilaMe ditvH from the hoilers without, it’airi. 
fullllUlidll HIH i IMitll.lu] |ij lln* jfi iViVV Hi lit i t’ftf IVlMt'Iy h| f I ipjlljti] 

I" HM)when the Russian battleship was eoustrueted in 
1 hiladelphia, we had an eleetrie stv<rinp pear, eleetrie hilpe 
(lumps, ash Imisis, and eleelrieily in almost all of tliese features 


etipiite pump 


with the exception of the windlass, lire pump!, oil 
electro mechanical hammer, He., which M that lime had not! 
own invented, or were not in u <- aiivwliHe, 

J lie use of 4! JO volts, double the volt ape previously used does 
[lot result, in one half the cost of wire as would hi- iialicated 
hut only 111 I he savinp of three tenths, with very little difference 
in (lie cost of wiriii); appliances and practically 110 diiieteuee in 
the nis! of apparatus or labor for installation, The savinp in 
weiphl, Ullows very closely the same proportions n» the- cost of 
mulct ml , and when the additional eosi and v,s ipht. of hataneer 
ttels with wirmp and additional protective dm.j. r and switch, 
board equipment f,„ the routr«>l ,,f •• at-hli; : hl:, is considered, 
the ndvnnlape ol tins increase in vMtupe i questiomihle, par- 
fieularly 111 view 01 the advi alalitv, since idlialine storage bat* 
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£+Wo aVe beco “ e a commercial success, of installing storage 
batteries as auxiliaries for lighting and power for each battle 

Tjl e mte "? r and exterior means of communication of infor- 
S c e+ thlS vesse , 1 are , c “?Plete. The ever-increasing growth 
n!r,nlr sy ? tem in a battleship may, however, necessitate its re- 

vessel rl Very , fe f W m + onths > as ;t is u Pon these systems the 

vessel must depend for its existence. If ready for action its 

presence must not be known until within range and if caught 
J™, or dlsab Ied it must attempt to escap e E and the vessel’s 
own smoke or absence of it is employed for this purpose. We 

ill Inv oar 1 ! df , I ? arnecl °/ an invention to indicate automatically 
n any part of the vessel the color of the smoke emitted from thp 
stack, and no doubt this system will be added in the near future 

t Mr e w" r ;. inCre n Slng ™ ea f s 0f communication on naval vessels. 

• ~~ x ' tlomor has raised some question about the 220-volt 
lamps. Since the 220-volt tungsten lamps have been put on the 

SSoiSte our shops,'’tasSlhlg 

them on the bottom of cranes, and if there is anything that gets 

more vibration and shake than the bottom of a shop cmne it 
will hardly be found on a battleship. P ’ 

As regards slate switchboards, I quite agree with the move our 

S°c= oSe. made ta the ° { oompoS e „TI 

rrJmTlI^Tln? "? more . for duplicate dynamo 

rooms than for duplicate engine rooms. We believe that in 

the power plant of the future battleship there will be a number 

the"vess^and su Ppiyi n E power for pripeUing 

tne vessel and for all auxiliaries and lighting. The lighting 

and power for a deck or watertight section would be sunnlied 
from a common feeder with protective devices only at the ap- 

heads ’ A1 U m r t UCUlg weight, space and the cutting of bulk¬ 
heads. AH motors would be started either by contactors with 
a master controller or by automatic starter XTSSfbitto? 
depending upon the size and use of the motors. Lighting and 
power of each battle unit and indispensable auxiliary such as 

L S “ PPli ? d by 

the *• “ d 

1 - +c It + beUeve an installation of this character, in any or all of 
its features resembling the solution of the electric power engineer- 
mg problem m large power stations on shore, and having the 

dpnirh lla r n S f Ve ^battle conditions at sea, to be not only a 
departure, but a decided advantage in economy, weight and 

date 6 with any marine installations at the g present 

date; Omitting the feature of electric propulsion, it is mv 
opinion that the present practise can be improved upon bv 
ShW ng s dynai J 10 . rooms > combining and reducing the 

sl 8 i w g X?r P °T r C,rCaits ' usin ^ automatic starters and in- 
stailing alkaline storage batteries, as previously stated. 




583B353B BflSB8888 


1014 ] DISC USSION A T PHIL A DELPHI A 1597 

Elmer A. Sperry: Mr. Hornor has given us a valuable paper. 
We find m the last paragraph on page 1588 “ that any gyro 

with only two degrees of freedom, t.e., free to move in two planes 

only, can be used as a compass. Now that is perfectly true' 
but that compass will only operate on land. When we take 
such a compass and put it on board ship, where it is subjected 
co all sorts of movements and motions, we encounter many real 
problems. These are due to the fact that the compass must of 
necessity be built pendulous, be supported in a Cardan or gimbal 
mounting, that it is subjected to acceleration and retardation 
pressures of the ship on which it is mounted during all sorts'of 
maneuvers and changes of heading of the ship. 



Fig. 1 Sectional Elevation of Anschutz Compass 
Having Three Gyro. Wheels 

The compasses with which the Argentine battleships are equip¬ 
ped were purchased in 1910 or 1911 from a German manufac- 
t rarer and contain one 6-in. gyro spinning at about 20,000 rev. 
pei lffln. fl his was hung pendulous within an annular mercury 
bowl and was found to give serious deflections in azimuth, re¬ 
sulting from acceleration and retardation pressures and move¬ 
ments of the vessel referred to, No compasses with a single 
gyro wheel have been built by this concern for the past two or 
tlaree years, but they have developed a new and very interesting 
compass containing three gyro wheels set at different angles 
to each other and coupled by certain links and bell-crank levers, 
pitman, etc., all the gyros being provided with centralizing 
springs, and they have adopted a follow-up system substantially 
similar to the one show n and described in a paper* on this sub* 

*H. C. Ford, The Electrically Driven Gyroscope in Marine Work, 
tli is volume, p. 867, Part I. 











1598 


BATTLESHIP EQUIPMENT 


[Oct. 12 


ject read before the Institute last June—see Figs. 7 to 15. 

Inasmuch as no representation of this German product has 
been published in our annals, I am showing herewith, Fig. 1, 
a vertical section through the machine, giving a view of two of 
the three gyro wheels, three gyros being located equidistant 
around the circle, Each of these gyro wheels, it is stated, re¬ 
quires 1.1 amperes per phase at 120 volts, with a three-phase 
alternating current having a periodicity of 335 per second—in 
all, 3.3 amperes per phase. This is somewhat in excess of three 
times the current required by the American-made machine. 
The combined directive power, or useful function of this three- 
gyro compass is, however, only about 5/22 of that of the Ameri¬ 
can-made machine. 


Recent progress in adapting the gyro-compass to battle con¬ 
ditions has enabled the United States Navy to utilize features 
which do not seem to be present in any other navigation appara¬ 
tus; among these is the fact that constant corrections which arc 
found to be due to speed and course are automatically neutralized, 
giving all readings exactly on the true geographical meridian. 
Moreover, the military value of the apparatus adopted by the 
United States Navy is considerably increased, due to the fact 
that if the current supply cables are shot away or the current 
supply ceases for any reason the compass will continue to 
give true meridional readings with a high degree of precision 
for from one to two hours, instead of immediately initiating 
a wide-angle swing from the meridian. Also, each accelera¬ 
tion or retardation pressure received by the compass from the 
ship is made to introduce a primary force exactly balancing 
the disturbing factor, which latter is very powerful and would 
otherwise swing the compass away from the meridian. 

The master compass is never used upon the bridge or in any 
of the major helmsman or steering positions, but is down in 
a position of safety below the water line and protected deck 
of the vessel. The azimuth, however, is required at distant 
points and is supplied by repeater compasses electrically con¬ 
nected to the master, reproducing the azimuth to the accuracy 
ot a very slight fraction of a degree and with practically zero* 
tune lag. The American equipment has a unique feature con¬ 
sisting of means for synchronizing all or any of the distant re¬ 
peaters and bringing them into exact harmony with the master, 
rather than trying to do it by telephone at each individual re¬ 
peater. 


+t ^ n °^ iei ' un ^ f J ue ^ ea ^ ur p is an independent device connected wi th 
the master compass, giving extremely accurate indications as 
to whether or not the master, compass is on the exact meridian. 
Coupled with this is an alarm system which gives automatic and 
V -o g ?t° US ^ification if for any reason the master compass is 
on the meridian even a fraction of a degree. 

We have heard a great deal about the performance of sub¬ 
marines in the present war, This performance is all the more 
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interesting owing to this being the first opportunity that this 
new form of craft has had to exhibit its powers in actual warfare. 
In this connection a photograph of the entire gyro-compass 
equipment of one such submarine might be of interest. Fig. 2 
reproduces a photograph of the equipment of the English 
submarine £-9, which is reported to have performed some very 
startling feats near Cuxhaven at a considerable distance from 
its base, to which base the submarine again safely returned after, 
it is reported, having inflicted considerable damage on the enemy. 
The illustration shows the equipment which had been installed 
some six days prior to this performance, One of the repeater 
compasses of this equipment is provided with a long flexible 
cable and is portable (see Fig. 3), being capable of use in various 
parts of the ship, especially at the discharge valve of the tor¬ 
pedoes. The great precision with which the exact gyro azimuth 
of all periscopic observations may now be determined and also 
the high degree of precision with which the ship may thereafter 
be directed, gives assurance of accuracy of torpedo fire never 
heretofore attained, and probably, unattainable by any other 
means. 

I wish to express my great appreciation of Mr. Hornor’s 
paper, which has gone into so many interesting details of these 
great ships which America is certainly proud of having built 
for our American neighbors. 

H, L. Hibbard: After Mr. Sperry’s gyroscopic oscillations, 
a discussion on some of the other points will perhaps seem rather 
commonplace, but I should like to make a few remarks on some 
of the things which Mr, Hornor outlined. 

On the voltage question, there is, of course, a gain in the size 
of conductors and an appreciable gain in the size of controlling 
apparatus, especially on large auxiliaries, so that, aside from the 
slight objection, perhaps, to the use of as high voltage as this 
on the ship, the advantage seems to be on the side of the higher 
voltage. 

As to the question of the banishment of the slate, it seems 
to me that has been a very good move, because all of us had 
considerable trouble with slate from breakage. When the com¬ 
pany with which I am associated went to the Navy Department 
a few years ago and asked permission to supply asbestos switch¬ 
board panels, etc., on battleships, they gave consent very re¬ 
luctantly, at our risk entirely. 1'hey now specify the asbestos 
material, which shows quite a change in opinion. 

As regards electric steering gear, the chief advantages inherent 
in this type of apparatus were outlined pretty fully in my paper* 
presented at the May meeting in New York; it is not necessary 
to go into that further^ I should like to ask Mr. Day if I cor¬ 
rectly understood him to say that the decision as to the use of 
the contactor system on these ships was based on the ground of 
house power only. Did that decide the matter? 

* Electricity the Future Power for Steering Vessels, this volume, p. 019, 
Part I. 
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Mr, Hornor brought up the question of whether or not it is 
tLt th^orin'dnJpf t0 , electi : if y the anchor windlass, and said 

Dines Thai ^ T 13 m d011 ^ awa y with the steam 
pl .P, es ', J-hat piobably is the greatest advantage doing awav 
mth the condms»l,io n of steam in those pipes Sd uie wS 

auxUiaivSf Sn i>,Stl 0 thm T 5avin <! ■" weight of the 
fn U rf y + ltSelf ' . Ither ‘ an Metric motor is a better machine 
than a steam engine, and you can put in more power h? the 

SS b e a dn y s ?U Tf With a Steam en e ine - The steam en- 

Srength to Wlm ,” f *° r max ™T toi Hue, and sufficient 
trength to develop that torque, while in the motor you have 

conditlon a fn C the CI sf availabl ? that does not compare with the 
condition m the steam engine. Mr. Hornor said tent ti™ 

V he - Mor T t a , d °“- half power of 

cne steam engine equipment. That is probably a niisunrW- 

noweiwtf (I 1 S + 0u d like . to ask him what is probably the horse 
power of the steam engine equipment. y 

Pig TelvWchfstmdd n lde r a reference to a dynamic brake in 
, wmcn i Sxioitlcl like to correct rv>A ivnim „ n 

is a motor disk brake, on which point Mr. Day will bear me oiilf 

1 w1+i n tr ie m 1S a T ynamic hrake in the equipment also ' 
Whh Mr. Pierce, I think that Mr. Hornor’s statemenUn his 

iffecf tha? the' insmll r* t0 f g ° 6ntirely ^questioned, to the 
eitect that the installation of a number of the auxiliaries is n 

Stetet NaE aTmE '^ ^ Ctis %particularly in the United 
, . b ivavy. As Mi. Pierce has said, on the RussUn 

mosi- C nf n ii trUCted “}. p h ilade lphia before the Moreno was projected" 

Navy at ff& 

constructed our navy had installations of both 

PifrceJ herearea few things that I understood Mr. 
fn tu , 1 f? that have made me wish to make a few suggestions 
are . interested in the subject. One vis tee state! 

“ship h tean h teem "fa ^ for - two dynamo rooms onboard 

possiblv but T rtSnt !h Cllgme ''f 01115 ' That is correct, 
r , Y’ bul 1 think there are, as a rule, two engine rooms on 

battleships, and sometimes three. We have tried the one dv! 

namo room proposition and we have gone to two dvnamo rooms 

7 m fOT a D ““> 5™ X” wS 

m,t „ commission. Of course th! motive poilrmight be pSoed 
out of commission with either one or two engine rooms but K 
would still leave fighting power, provided ire had a dvnamo 
room in commission, as that is entirely electrically controlled 
Hiat is lighting and fighting power and tee wireless-and^ 
would be a pretty dangerous proposition, even with the motive 
power out of commission, for someone else of a? least S m£ 
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fighting power to come too near. In addition to the use of the 
wireless and power—which is electrical power, the fighting 
power of the ship—of course you can see very readily the ad¬ 
vantages of having a number of means by winch a ship cannot 
be put entirely out of commission. 

I was very much interested in the remarks Mr. Pierce made 
in reference to the question of conduit or armored cable, because 
I have been associated with the use of conduit for a great many 
years, and the advantages that were claimed in the adoption of 
conduit have not been secured in the Navy, although we stuck 
to it for many years. One is water-tightness. That was im¬ 
possible. The conduit installation .was supposed to be water¬ 
tight, both in itself and where it passed through water-tight 
bulkheads, but in collisions that have occurred, when the com¬ 
partment in collision was shut off and pumped out to put a patch 
on, water simply poured into the compartment and it was found 
it came through the conduit—simply had leaked in in streams. 
Now in addition to this leaking in in streams, when the decks 
are washed down and various things of that kind done, moisture 
gets into the conduit. It accumulates a mass of muck and 
corruption there at the end of a few years, everywhere the 
moisture gets in, and it is almost impossible to keep it out 
anywhere, any time or any place, That breaks down the in¬ 
sulation and one pretty soon finds so many grounds in the elec¬ 
trical installation of the ship, that were the ship to be used 
as a fighting machine and require all Iter electrical power, she 
would be absolutely unable to come up to the requirements. 

Armored cable absolutely does away with grounds in the 
cable itself. Of course, there may be grounds in the junction 
boxes, connection boxes, and fixtures, but as far as the cable is 
concerned, unless that is pierced there are no grounds possible. 
The lead around the fiber insulation of the wire itself makes a 
perfectly water-tight seal. Then the mechanical protection— 
the wire braid—is very strong. You can bend that. You can 
put the end of the cable in a vise and bend it back and forth 
“ until the cows come home,” as they say, and it is still as good 
as ever, and the lead itself will break before the wire braid will. 

Now as to the question of induction. We formerly used a 
great deal of what we call open work wiring instead of the con¬ 
duit, to lessen weight and lessen this mass of pipes running 
around and underneath the beams—dust collectors and vermin 
collectors and having a most unsightly appearance. The ques¬ 
tion of induction, and wireless and other electric currents from 
one cable to another, was such that a short time—I don’t mean 
to say a short space of time necessarily, but a short time in the 
life of a battleship—two or three years—would put the electrical 
installation out of commission as far as grounds are concerned. 
It had to be all gone over again every year. Where there is 
any trouble in conduit installation, it means tearing out the whole 
thing and putting in new. These are points in the consideration 
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of conduit and wiring that come up from experience and are 
absolutely necessary to consider. 

We do not have that small kuhlo (concentric) wire in use in 
our service, but it looks very good 1 to me. It is neat, though a 
little expensive, and it certainly would be extremely desirable 
from a naval viewpoint. 

J. H. Linnard: The great difficulty with the application of 
electricity to the' windlass engine is the fact that the normal 
condition of a windlass when it is being operated is to be stalled 
and you never know when that is going to happen. It stops at 
the most unexpected times. Now the question is, if you get 
the armature of your motor working at a speed that gives very 
considerable inertia forces,’how are you going to deal with that 
when the unexpected jam occurs, as it practically always does 
occur, when the anchors are being weighed? I haven’t heard 
how that matter has been dealt with in these recent electrical 
installations for windlass engines, so that I do not feel able to 
speak about the matter. 


ram giaci to near commander Bierer tell us that conduit has 
been abolished m the later ships of the Navy, because from the 
point of view of a naval constructor it was precisely those diffi¬ 
culties of the weight and lack of water-tightness of conduit that 
always caused us to be on our knees to the Electrical Department 
to abolish it, but at that time they saw so many advantages in 
^ n CC P^ U1 ^ ^at they were unwilling to do so, 

W. F. Cochrane: I appreciate the opportunity to join in the 

°!w s i paper ’ rem arkable for its completeness, before 
this society that has done more to enlarge the field of electricity 
than any other organization in this or any other country. In 
tact, I think I may say that a great deal of the electrical suprem¬ 
acy of the American manufacturer is due to this Institute 
through its meetings and its frank and open criticisms. 

wilt be from 1 ?h , 1 ° f tke P, a P ei ‘ that has just been read 

^ .P? 111 * ° f V:lcw and from that of ex¬ 
board shin ni practical handling of electrical installations on 

as rat eWhkl'f fl Ta the - sl 1 and P° J int of an expert electrician, 
as my e ectiical knowledge is limited to the practical handling 
of electrical installations on board ship g 

simSiehv^f/nn installation fra ' a battleship should be 
the entire' shin fnr f 0 ' ° Uly on ° volta g e sh °uld be used on 
be reduced ^n P /T f- purp0Se t J he number of feeders should 
wardT the lrm V m r and a11 efforts should be turned to- 
simple as nolsib c Th. T making the installation as 
mikes thf r ckaracter of electricians available 

Navv has beeTri'htl . lmperative - The United States 

TL electriciaL ^ y weT > ^ Cat eda bational institution.” 
and haveTsmall emnT AT m tie nay y arc men who enlist 
tricitf tI» D 1° experience and knowledge in elec- 

they receiv^TnsWtion i?ti n Sent - to an ^ctrical school where 
. y ceive instruction in the various appliances used on board 
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ship. The period of time occupied by this is about one year; 
the man is then sent to some ship in an inferior position as an 
electrician. From- this you can easily see how important the 
item of simplicity becomes in the design of the electrical installa¬ 
tion of a battleship. 

In the installation just described, I do not consider that 
1 simplicity has been attained to the extent that it could have 
been. First, in the use of 230 volts, for which a saving is 
claimed, but which we may seriously doubt, due to the instal¬ 
lation of transformers to enable the searchlight system to be 
operated at the most advantageous voltage. I am not in favor of 
the use of high -voltages on board ship unless a great saving in 
either weight or cost, or a simplification of tire systems, will result 
therefrom. One disadvantage is that the use of higher voltage 
leads to considerably great liability to insulation troubles. 

The installation of great numbers of protective devices, in 
my opinion, serves no useful purpose. There should not be any 
necessity for a protective device such as a circuit breaker, ex¬ 
cept at the switchboard. The line itself should require no pro¬ 
tection. A fuse at the particular piece of apparatus on the line, 
whether it be a motor, indicator or any electrical instrument, 
should be ample protection for this installation. 

In the matter of lighting circuits, we have, in the installation 
described, two battle lighting circuits, one white and one blue. 
I_ personally am not in. favor of more than one battle lighting 
circuit, although the blue light circuit has its advantage in the 
fact that blue lights can be used in the gun deck compartments 
and will show very little light outside, but there should not be 
any necessity for general lighting around the compartment of a 
broadside gun, In turrets and in enclosed places, white lights 
are used as they cannot be seen from the outside. The greatest 
protection a battleship can have against submarines and destroy¬ 
ers operating at night is absolute darkness. The blue light 
circuit may not give much light, but it will certainly be easier 
to discover a battleship with a blue light circuit lighted than 
one with absolutely no light showing. 

In regard to the battle lighting and power circuits of a battle¬ 
ship, I am heartilyin favor of the use of alkaline storage batteries 
for the battle service. I believe that this is the best solution of 
the many problems confronting the designer of an electrical 
installation on board a battleship, because the storage battery 
can be installed in the turret to operate everything in the turret, 
and then the only possible way to affect the power units of the 
turret would be to put the turret itself out of commission. 

In regard to interior communications, battle lighting, it is 
much better if operated by a storage battery which can be placed 
in such a position that before it is injured or any of the leads are 
injured, the ship itself will be practically destroyed insofar as 
she is valuable as a fighting unit. We may also say that an 
installation of this kind will save considerable space and some 








1604 


BATTLESHIP EQUIPMENT 


[Oct. 12 


weight, as it will do away with the requirement of two dynamo 
rooms and it will be possible to place the dynamo room as an 
auxiliary to the engine room, or combine the two into one power 
plant, in case electric propulsion is adopted for battleships, as 
most of us believe it will be in the near future. It will combine 
the dynamo room and engine room in one locality that can be 
protected to such an extent that it will be practically impossible 
to injure the installation in any way. 

The design of interior and exterior means of communication 
on a battleship is subject to practically constant change, and it 
is believed that these systems will be radically changed in the 
near future, with the advent of an invention to indicate auto¬ 
matically, in any part of the vessel, the color of smoke emitted 
from the stack, and with the application of the principles in¬ 
volved in this invention to general methods of interior communi¬ 
cation in time of battle. 


To sum up, the electrical equipment of the Argentine battle¬ 
ship Moreno is the most complete that I have ever seen, although 
I doubt the battle usefulness of a great many features that have 
been installed on board. I think it would be far more creditable 
if the designer had been able to say, “ we have an installation 
that will produce the same results as the installation that was 
placed in the last battleship built, and we have only used half 
the miles of wire and half the fixtures and we only have half 
the number of protective devices and half the number of 
automatic starters and auxiliary instruments.” 

Clyde S. McDowell: Mr. I-Iornor described a method of 
telling the trueness of the searchlight mirror which is known as 
the screen test;” it; is done by photographing a reflected image 
or parallel wires or lines. However, this only shows the trueness 
°f, “e grinding, and is not an indication of whether or not the 
mirror is parabolic. In addition to testing for trueness of grinding 
the mirrors should be tested for over-all efficiency. This can be 
done by taking a mirror and placing at the focus a concentrated- 
mament tungsten lamp or other source of light, and, at a distance 

tar enough away so that the light varies inversely as the square of 

the distance, measuring by photometer across the beam in 
both directions the actual light received on the distant screen. 
In this method the source of light is known and always the same 
and a true indication of the value of the mirror is obtained. It 
has been found by tests that one mirror which showed by the 
screen test to be perfectly true in its grinding, put up against 
another mirror which showed marked irregularities in grinding, did 
not show as good resuits m actual illumination, due undoubtedly 

the ?olor of the e glLs e ^ ^ thickness of the ^ss, or 

There was a question brought up as to the 220- and 110-volt 

Ss on vibrating tff f ° r We have made numerous 

tests on vibrating platforms and lamps in both horizontal and 

vertical portion, both 220- and UO-volt lamps-lS^aMoSS 
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vibrating at the regular period of vibration of a ship—and in 
the sizes of higher wattage we find that the 220-volt lamps have 
as long life as the 110-volt lamps. That test is made with the 
lights on half the time and off half the time, so that the regular 
service conditions are obtained. 

On the question of using a balancer set for searchlights on 220 
volts, that is probably a good engineering way to cover it, but 
on some of our larger ships we are using 220 volts and have a 
balancer set to take the unbalanced lighting load large enough to 
take in addition the unbalanced load of four searchlights, which 
would be putting the searchlights on the lighting- circuit. 

On the question of doing away with conduit, one of the reasons 
why conduit has proved unsuccessful on board ship, especially 
in the fire rooms and engine rooms, has been the condensation 
in the conduit, irrespective of whether it was water-tight or not. 
The great changes in temperature that take place, cause the 
conduit to fill up with water. 

Maxwell W. Day: A remark was made about the desirability 
of having the dynamo plant independent of the propelling 
machinery. This has just been illustrated in a recent naval 
battle, where the steam pipe of one of the German destroyers 
was shot in two, and the boat was seen to be enveloped in a 
cloud of steam, but-frequent puffs of the gun were seen through 
it. Of course this was not an electrically operated gun, being 
only 3 2 inches, but it showed that the battery could be continued 
m action after the propelling machinery is out of order. It 
seems to me that one of the best ways to promote the indepen¬ 
dence of the dynamo plant is to bring into more extensive use 
oil-engine-driven sets, 


Naval Constructor Linnard spoke of -the way of taking care 
of the anchor windlass in weighing the anchor, where the engine 
simply would slow down and stop. An ordinary control equip¬ 
ment of electric motors would naturally blow the circuit breaker. 
A . s , mentioned in Mr. Hornor’s paper, a step-back relay is pro- 
vided, which will open some of the secondary connections of the 
accelerating contactors, and reinsert a certain amount of resis¬ 
tance m the armature circuit. This will allow the armature to 
receive about 11 times full-load current, or, of course, it can be 
adjusted for any other desired value, This was tested on the 
Rwadavia : by setting the brake on the wildcat and screwing it 
down until it became sufficient to trip this step-back relay, 
when the motor stopped, and the current amounted to about 
25 per cent overload. 

f} ced if , deter mined our recommendation 
farcontactors solely on the horse power. It is primarily on 
current capacity, which would be also according to horse power 
assuming voltage unchanged, and we have felt that in very large 
s zes fi equent operation of the contactors successfully is 
quite a serious problem, and therefore we recommend the vari¬ 
able-voltage system for large units; but with only 150 h.p 
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and where 220 volts is used, as here, it brings it within the class 
of moderate-sized equipments. 

Mention has been made of the disk brake on the steering gear 
motor, shown in Fig. 16. This brake is quite small, because we 
depend principally on the dynamic brake itself to stop the arma¬ 
ture, or begin the stopping of it. The disk brake, which is 
a little slower in action, finishes the work, and holds the armature 
in a state of rest, 

In regard to the material for switchboard and control panels, 
what is used for this purpose is ebony asbestos wood, called by 
some, asbestos lumber impregnated. It takes a fine polish, 
has very much the appearance of slate, and is:preferable,'I think, 
to what ordinarily goes by the name of asbestos lumber. 

L. C. Porter; The chief difficulty in making 220-volt tungsten 
lamps is with the arcing. Where the leading-in wires come 
out of the stem, the current is apt to jump across. Considerable 
improvement has been made in this respect since the first lamps 
were put out, but at present the 220-volt lamps are not so free 
from arcs as the 110-volt, though the percentage of arcs is rela¬ 
tively^ small. Another difficulty encountered with the 220-volt 
lamp is what we call " locking ” of the filaments. This consists 
of the filaments jarring together and short-circuiting a section, 
thus considerably shortening the life of the lam]). 

The efficiency of the 220-volt lamp is also somewhat lower 
than that of the corresponding 110-volt lamp. For example, 
the 25-watt 110-volt lamp operates at 1.05 watts per candle; 
while the 25-watt 220-volt lamp operates at 1.2 watts per candle, 
_P er e are two types of filament construction used in the 
220-volt lamps. In the regular pear-shaped bulb, with which 
you are all familiar, we use simply a straight wire filament, 
lhat filament is shaped on a form before it is placed in the lamp. 

It is also mounted, oil flexible anchors, which make the 1 lamp 
mechanically just as strong as the 110-volt lamp. In the round 
bulb, and in the tubular bulb, in order to get the filament in 
the small bulb, we have to wind the filament into a helix and 
then mount it, which again lowers the efficiency of the lamp by 
cooling the filament at the anchors. In these lamps 1,06 watts 
per candle is the lowest specific consumption that we are able to 
obtain, Life tests on the 220-volt lamps of 25-, 40- or 60-watt 
on™V Un .,d aborat ? ry conc "litiona, have shown that we obtain 
2000 hours life out of the straight filament and from 1200 to 1800 
out of the coiled filament. 

The tests which we have made on the lamps at the laboratory 
consist of vibration tests and bumper tests. The bumper test 
if ^ mani ? er: We 3uive an inclined board, at the end 

<^m Ch < a i am ? 1S , lung ? n a P iece of lam P cor( l' The board 
rniwi !f ted “?. mc ^ es and a round ball, weighing 110 grams, is 
Thl h u° Wn u h ' S j 0 art J.' which has an elevation of Ilf deg. 
burnffi? 1S nf U ° Wed * 1 ° bum P against the lamps, both, cold and 
urnmg. ut course, lamps when burning are not quite so brittle 
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as when cold, because the filament is softer when it is hot. 
Often with the lamps burning we can roll this ball from 40 to 
60 in. against the lamp before the filament breaks, and that is 
just as far as we are able to roll it with the 110-volt lamps. 
In other words, the filament is mechanically as strong as the 
110-volt lamp filament. 

The vibration test is made upon a wheel with arms on it 
, (similar to the spokes of a wheel), and the lamps are mounted 
at the ends of the arms. There is a series of cogs over which 
these arms pass. This wheel is revolved over the cogs at various 
speeds, with a little spring under each arm to pull it down, giving 
it a very severe vibration; in fact, we can get almost any vibra¬ 
tion that we want. On that wheel I have seen as severe a vi¬ 
bration as is obtained on battleships under operating conditions. 
I have been aboard some of the ships during target practise, full- 
power run and a few other severe trials, and feel that in this test 
we give the lamps just as severe treatment as they obtain on the 
ships m actual service. However, as I stated before, the trouble 
is not mechanical breakage, but locking of the filaments, which 
shortens the life. 


It seems to me, therefore, that if there is a decided call for 
the 220-volt lamps, there need be no hesitation in installing them 
on the ships. Of cotirse, it is a harder lamp to make, is more 
expensive, and is not made in such large quantities as the 110- 
volt lamps. For these reasons, from the lamp manufacturer’s 
standpoint, we should prefer, to furnish the 110-volt lamp, be¬ 
cause it is a lamp with which- wc have had a great deal of ex¬ 
perience. We have not had the 220-volt lamps under service 
conditions m any great numbers, and before being absolutely 
sure that they will be satisfactory, the most I can say is that we 
would suggest that; if possible, the same arrangement be made 
as was made with the 110-volt lamps; namely, that about 2000 
lamps be put on a ship and tested in service. This, it seems to 

n ^ e ii 1S sure trial which will absolutely prove the merit 

of the 220-volt lamp. 

H. A. Hornor; I should like to explain an evident misinter¬ 
pretation of the last paragraph of my paper. The various appli¬ 
cations therein referred to constituted departures from American 
practise at the time the contract for the Moreno was signed, 
“y. oi thes ® applications were in an experimental stage at 
mZ time > an f. the five years of construction of the 

naturally these applications have become requirements. 
l,i w nSta l0n 0:1 thls ’ tlie United States battleships Arkansas 
Were n °t equipped with electric bilge pumps, 
ThfimH at , een ug gear, and electric anchor windlass; whereas the 
States battleships Fexas and New York were equipped 
with electric steering and electric bilge pumps but not electric 
windlass. The later United States battleships are 

mari^ to PPed W ! h a these ou thts. I did not intend my re- 
l impression that I was comparing previous 

foieign war vessels built, m this country. 
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The horse power of the electric anchor windlass on the Moreno 
is a little less than | the horse power required of the steam 
equipment. It is to be noted that one anchor was raised in 
about 60 fathoms of water by this equipment using about 35 
horse power after the anchor had " broken away.” 

I believe that there are many advantages in the use of 230 
volts for such installations. I have heard it stated that some 
nations were considering the advisability of increasing the voltage 
to 500. If proper insulation is provided and all questions of 
detail carefully looked after, I see no reason why 230 volts should 
give any more trouble than the present 125-volt system. In 
this connection I was glad to hear the remarks on the compara¬ 
tive merits of the 220-volt tungsten lamp. On the ground of 
simplicity of installation, the use of this voltage would be pre¬ 
ferable to the complications that would ensue from a system 
of double voltages. In view of the fact that the powei load is 
now by far the greatest in point of importance it would seem 
preferable to design the installation so as to satisfy this demand 
first. The searchlights could very well be taken care of by rotary 
balancer sets in order to do away with the difficulties involved 
in large permanent rheostats. Such apparatus when tested on 
the Moreno gave unqualified satisfaction. 
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ELECTRICAL FEATURES OF THE U. S. RECLAMATION 

SERVICE 

BY F. H. NEWELL 


Abstract of Paper 

The operations of the U, S, Reclamation Service are of interest 
to electrical engineers not only in some of the novel developments 
and applications of power but also as illustrating the efforts of 
the federal government in the construction of works of general 
public utility. 

One of the most interesting features is the question of cost 
of government work, much of which in this case is executed under 
pioneer conditions. These costs are carefully recorded and in¬ 
clude all of the overhead or general expenses. These costs 
show that during 1013, for the various plants there was a range 
from 0.G8 cent per kelvin or kw-hr. up to 2.873 cents. The 
power not needed for construction purposes or for operating 
irrigation works is being sold at rates of 1.5 cents per kw-hr., 
and for excess power as low as 0.5 cent, up to 2 cents or over. 

For heating the rate charged per month from June 1 to Sep¬ 
tember 1 per device per 1000 watts is $1.50. 

The experience obtained is illustrating the fact that it is 
practicable for the government to build and operate plants of 
this kind and sell the power at cost, in connection with other 
enterprises and with general satisfaction to the consumer. 

The power plants will be paid for without profit or interest 
and the operations transferred as soon as practicable to the 
communities benefited by them, 

T HE electrical engineer as a professional man finds much 
of interest in the works executed by the United States 
Reclamation Service and in the plans under consideration for 
further enterprises. Electrical development and transmission 
enter largely, not only into the construction, but also into the 
operation of the works for the irrigation of arid lands, which 
are being built under the terms of the act of June 17, 1902. 
This act sets aside the proceeds from the disposal of public 
lands in the western arid and semi-arid states, for the purpose 
of survey, construction, operation, and maintenance of works 
for the storage and distribution of water for irrigation and 
reclamation of arid lands. 

Aside from his purely professional interest, the electrical 
engineer, as a citizen, is concerned in all of these matters which 
have to do with the upbuilding of the United States, the utiliza- 
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tion of its natural resources, and the increase of the prosperity 
and happiness of the commonwealth. Both of these phases, 
that of interest to the professional man and to the citizen, are 
briefly discussed in the following paragraphs, the attempt being 
made to describe in a concise way the works which have been 
or are being built and to give the relationship of these to the 
larger economic or political problems of the country. 

Object , The main purp ose in the development of electric energy 
by the Reclamation Service is the production of cheap power 
for raising underground water, to the surface or surface waters 
to lands which are too high to lie reached by the ordinary 
gravity method throughout. There are other uses, however, 
to which this energy can be economically applied. Taking 
these in the sequence of events they may be summed up as 
follows: 

1. Transportation. This includes the building and operation 
of works for transporting material to be used in construction, 

2. Construction. This embraces all electrical devices em¬ 
ployed in the handling of materials, in lighting the works and 
in facilitating other operations. 

3. Pimping. As previously stated, this is the most important 
use of the electric energy which is developed in the course of 
the work of the Reclamation Service. 

4. Commercial. An important outgrowth of tire above is 
the disposal of excess electric energy developed largely in con¬ 
nection with pumping, but sold for lighting or industrial pur¬ 
poses, proceeds being used to assist in defraying the cost of the 
pumping of water for agricultural purposes. 

Methods. The methods of development of electrical energy 
and the character of machinery employed are largely those of 
the usual commercial practise, the attempt being made to keep 
well in the lead. In some cases, notable advances have been 
made over customary methods. As might be inferred, the 
largest amount of energy is developed by the use of water power. 
In other words, hydroelectric planning and construction form 
the principal feature of this class of engineering works. There 
are, however, a number of relatively small plants in which the 
energy is derived from the consumption of fuel either utilized 
in the production of steam or in the more direct use of oil or gas 
in the'ordinary engines developed for this purpose. 

Costs. In all of this work undertaken by the Reclamation 
Service, not only in connection with electrical development and 
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Hill] 


use, hut also in ils other operations, careful records are main¬ 
tained of the. actual cost of the various items. Quite frequently 
in statements of cost prepared by other bureaus of the govern- 
nient, the matter of overhead charges has been neglected or 
many items which are properly to lie considered in this cornice* 
lion are not entered because they are carried on regular appro¬ 
priations, These neglected items usually consist of salaries of 
permanent officials whose time is largely devoted to the particular 
work in hand but is not charged to it. For this reason, tile 
costs prepared by the Reclamation Service give, perhaps, a 
more accurate conception of actual and necessary expenditures 
than those usually obtainable from records kept by government 
bureaus. 

Without entering into mi elaborate discussion of these costs, 
it limy be said that they range, in general, from a few mills, or 
even less, per kilowatt-hour for power developed in large quanti¬ 
ties by hydroelectric plants, up to a few cents per kilowatt-hour 
as developed by steam plants. 

The costs for If)111 are shown in the following table: 


I’nWJiH Plants Oi'kiiatud jiv Rkhlamation Skhvicu in HUM. 
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(a) Tht'fiu m'ltn urn nl jmwor jjlunt iiwitdiljnnrda and liidudu in addition to all main* 


li;»aiu:« mid ojmruthiK mijmmihi 1 , gtmarul expoum? inn I |diml dcprcdiillmi. 

(Ii) Included Inmvy wuml cxjamiuj. 

For purposes of comparison with the above statements of 
cost, it may be said that it is a popular belief that the cost of 
manufacturing electric power at Niagara Falls is about 0,2 cent 
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per kilowatt-hour, and that for power development in blocks 
of say 5000 kilowatts and upward, it is more economical to' 
erect a modern steam power plant at Buffalo than it is to trans¬ 
mit this energy from Niagara Falls at a cost at Buffalo of say 
2§ mills per kilowatt-hour. In other words, the modern economy 
of the steam engine and generator is such that when fuel is 
cheap, current can be manufactured on the ground and utilized 
without transformation more economically than it can be trans¬ 
formed and transmitted over a considerable distance. The 
cheapest hydroelectric power reported is in the South, stated 
at 0.1 cent per kilowatt-hour, or about $0 per h.p. per year. 

On the Minidoka Project of the Reclamation Service, the 
cost of producing power at the plant switchboard is seen from 
the above table to be about 1J mills. The surplus power over 
that needed for irrigation pumping on this project is sold as 
a by-product. For this purpose the Reclamation Service con¬ 
tracts with a local company or distributor, protecting the ulti¬ 
mate consumer by provisions in the contract limiting the maxi¬ 
mum rates chargeable by the distributor. These rates are shown 
in the table on the following page. 

Fallacies. In developing hydroelectric power for irrigation 
pumping, it has been necessary to meet many popular fallacies 
concerning the cheapness of water power. It is generally as¬ 
sumed that because the water is flowing more or less continu¬ 
ously throughout the year, making possible a large amount of 
power, that therefore, the power itself must necessarily be cheap, 
Little consideration is given to the large first cost of installation, 
of development of the power, to the interest on the investment 
and particularly to the depreciation. 

Few people outside of the profession of electrical engineering 
understand that the utilization of the natural water power is 
accompanied by heavy expense, notably in fixed charges for 
interest and depreciation, and that these may far exceed the 
more obvious costs of a steam plant. Obsolescence also must 
be considered, especially in waterwheel development. Great 
improvements have been made along that line, so important 
that no up-to-date power plant manager can ignore taking ad¬ 
vantage of them. While in purely electrical apparatus obsoles¬ 
cence is becoming less and less of a large factor, if the plant is 
properly designed, yet it must be considered. The heavy item 
and one not usually appreciated is, as above stated, the interest, 
depreciation and other fixed charges inseparable from, a large 
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capital investment. It is not an uncommon thing for a unit 
of hydroelectric power generation transmission and transforma¬ 
tion at the substation to run into $250 to $300 per kw, ( while 
a steam plant in large sizes may not exceed $45 to $60, or at the 
most $75 per lew. On the other hand, the depreciation of a 


Idaho—Minidoka Project. 

Electric Power for Commercial Use. 

(Contracts N 03 . 322, 323 & 32Q and supplemental contracts/) 


Monthly Rates. 

To distributor 

To consumer 

Per incandescent light of 15 watts.$0.03 

Per Incandescent light of 15-GO watts... 0.10 

Per Incandescent light aver 80 watts. .. 0.10 
for each 00 watts or frac. 

Per arc light, 700 watts to 10 p. m. 1.50 

Per arc light, 700 watts all night. 2.50 

For 20 incandescent, 15 watts. $1.50 

fic, each additional light 

For 5 incandescent, 15-60 watts.... 1.60 

25 c. each additional light 

Per light over 00 watts, for each CO 

watts or frac. 0.26 

Per arc, 700 watts to 10p. in. 2.50 

" “ “ “ all night. 4.00 

Heating Rate3. 

Per device. Sept. 1—June 1. $0.50 

Per device per 1000 watts 

Tune 1—SeDt. 1. 1.50 

Per device 1000 watts Sept, 1-Junel $1.00 
Per device per 1000 watts 


Flat-Iron Rates 

Per flat-iron 700 watts. JO. 25|Per flat-iron 700 watts. JO. 50 

Metered light and appliance rates, per kw-hr. 

First 2500 kw-hr. in mo.JO. 027 

For 2,500-5,000 kw-hr. in mo. 0.025 

For 5,000-10,000 " « " .0.023 

In excess of 10,000 " “ " .0.021 

First 25 kw-hr. in mo. .... 0.07 

For 25-50 kw-hr. in mo ... . . . 0.00J 

For 50-100 “ “ ■'. 0.08 

In excess of 100 <f M . 0.051 

Power Rates, per kw-hr. j 

First 2,000 kw-hr, in mo.JO.01 

For 2,000- 3,000 (do).0.007 

For 3,000- 5,000 “ .0.0055 

For 5,000-10,000 " .0.0053 

For 10,000-25,000 " .0.0051 

In excess of 25,000 11 ..0.0050 

First 100kw-hr. in mo.$0.05 

For 100-200 (do) . 0.04 

“ 200-500 11 . 0.03 

“ 500-1000 " 0.016 

“ 1000-2000 M ...o.oos 

" 2000-5000 M . 0.007 

" 5000-50000 " 0.0003 

" 60000-75000 <( 0.0000 

" 75000-100000 " 0.0057 

In excess of 100000 u .. 0.0055 


steam plant and repairs of the same are much in excess of the 
hydroelectric system as a whole, but this does not modify the 
fact that it is often cheaper to build steam plants to meet load 
conditions rather than to furnish it by hydroelectric power. 
This, as above stated, it is difficult to bring to public comprehen- 
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sion, namely, that electric power developed from water power is 
sometimes more expensive than the equivalent amount of power 
developed, when needed, by economically operated steam or 
gas engines. 

One of the popular, misapprehensions which has given rise to 
considerable disappointment to the settlers on government 
projects is the lack of appreciation of the fact that electric 
energy after being developed must be raised to high voltage for 
long distance transmission and again transformed before dis¬ 
tributing to the consumer and that such transforming apparatus 
is quite expensive. 

The farmer, seeing a high-tension line skirting his farm, can¬ 
not readily be made to understand why he cannot purchase a 
small amount of electricity for use on his farm or in his house. 
It is necessary to explain to him that the difference is almost 
as great as would be in a case where he might argue that because' 
a tree grows on his land, he should be able to get his tables and 
chairs at relatively small cost I The transformation of a tree 
into a chair may be as difficult as the transformation of the 
high-tension electricity into a form such that he can safely use 
it around his house or barn. 

There has also been an exaggeration in the minds of the 
people in the communities on some of the government projects 
of the importance to them of the power plants which have been 
built in connection with the pumping and related work. They 
seem to, think that these are an asset which they can utilize for 
more or less speculative purposes and that the earnings of these 
power plants will notably reduce the cost of the irrigation 
works and possibly save the water users from any expenditure. 
They have an exaggerated idea of the earning power of these 
works, not appreciating that many of them can be operated 
only during the irrigation season, and that electric power de¬ 
veloped under these circumstances has small commercial value. 
They have heard of the great earnings of the water power mon¬ 
opolies and picture to themselves the advantages of securing a 
monopoly of this kind which they can handle to their own im¬ 
mediate profit, forgetting that the manufacture and sale of 
electricity developed by water power is a highly specialized 
business, like the manufacture of any other commodity, and 
one which is not always financially successful, and then only 
because handled by men of exceptional ability.. 

Uses. As above stated, many of the uses for electric power 
developed by the Reclamation Service are those in connection 
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with transportation of materials and construction of works. 
There is not much of novelty to ho considered in this connec¬ 
tion, as the devices employed arc usually standard in design. 
They consist of light electric railroads, such as arc needed in 
construction of tunnels and in similar work, and apparatus for 
the operation of cement plants, cableways, hoists, excavating 
machinery, etc., lighting plants being, of course, an important 
adjunct. 

Pumping, however, forms the great and principal use of the 
electric power development and there were installed 023/5 h.p. 
in permanent pumping plants used in HUH, in addition to 
numerous small drainage installations, semi-portable and inter¬ 
mittently used. The cost, including all overhead charges and 
depreciation, has been estimated to average about one cent per 
acre-foot raised one font, ranging from 0.3 cent per acre-foot 
at Minidoka, upward. That is to say, an amount of water cover¬ 
ing an acre one foot in depth, or 43,500 cubic feet, can be raised 
to a height of 50 feet.for fifty cents. ■ 

In comparison with this, water raised by the ordinary small 
steam or gasoline pumping plant built by associations of farmers 
throughout the arid regions is probably costing from 7 to 10 
cents per acre-foot raised one foot, including, as above stated, 
interest and depreciation. With belter and more economical 
devices for raising larger quantities the cost may be cut down 
to five cents, or even, under exceptional conditions, as low as 
three cents, while those of the government works, as above stated, 
may run as low as at Minikoda in 1013 when it averaged 0,34(1 
cent. 

Sales. Hales of power for commercial and other purposes 
are made at varying rates, dependent mainly upon the cost of 
development. As a rule, the electric energy is sold by the 
government as nearly as possible at cost. The reason that the 
cost varies so widely is due primarily to the difference in con¬ 
ditions of development, and, secondarily, to the conditions 
attached to the sale, particularly as to the continuity of demand 
hy the consumer. 

The ordinary price or what may bo considered as a standard 
of the Reclamation Service for current for commercial purposes 
in large lots is about 1.5 cents per kw-hr. Under extraordinary 
conditions where excess power is sold whenever developed and 
is used as an auxiliary for steam power, the price has been as 
low as 0.75 cent per kw-hr. or even 0.5 cent. 
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In one case in Utah the Reclamation Service is selling at 
0.8 cent per kw-hr., with a guaranteed minimum charge of 
$225 per calendar month. While this is a comparatively low 
rate, it is not as low as the minimum rate given the Reclamation 
Service in purchasing power in Montana, where a company has 
built a considerable amount of transmission lines in order to secure 
the business of the Reclamation Service in the construction of 
the Sun River project. 

The essential feature in these extraordinary low prices is that 
the Reclamation Service is selling surplus power and that there 
are two unusual clauses relieving the United States from obliga¬ 
tion to furnish power in case it should become inconvenient to 
do so, as follows: 

“ The United States shall have the right and privilege to 
shut down its power plant and cease serving electric energy at 
any time in order to make necessary repairs or additions to 
transmission lines, canals, or machinery.” 

Also it is stated that “in case of the shortage of power due to 
lack of water, or if the demand for power for construction 
purposes causes the furnishing of power to the city to impede 
the progress of construction work on the project, the United 
States reserves the right and privilege to cut off the power until 
such time as it is possible to furnish power without impeding 
the progress of construction work,” 

The rates charged for heating and similar purposes vary 
widely, as above noted, dependent upon there being an excess 
of energy during the winter season when water is not pumped 
for irrigation. Not being sold or disposed of for profit, the 
rates for sale approximate usually, as above stated, nearly the 
actual cost, these being so low in some cases as to compete with 
coal at $7 per ton in heating houses and in cooking. 

Power Development. The following figures give in concise 
form and in alphabetic order by states the power already de¬ 
veloped, together with the total proposed or possible power 
and the output, Following the tables there is also given a 
brief description of some of the more important power plants 
with their chief characteristics. The most notable of these 
is on the Salt River project in Arizona, the principal power 
plant being located at Roosevelt dam and the subsidiary power 
plants along the canals which are supplied with water largely 
from the reservoir created by this dam, 




Power Development* (Water Power unless Otherwise Specified). 


Project. 

Name of Plant. 

Maximum 

head 

(feet) 

| Horse power 

Prime- 

movers 

installed 

Totalt 
proposed 
or possible 

Arizona: 





Salt River. 

Roosevelt (a) 

220 

8,000 

15,040 


So. Consolidated (b) 

30 

2,800 



Arizona Falls (c) 

18 

1,450 

1,450 


Crosscut (d) 

117 

0,000 


Arizona-Cal.: 





Yuma. 

Drop in Cal. Canal 

9 


■EH 


Araz 

25 



California: 





Orland... 


27 


483 

Colorado: 





Grand Valley. 

Main Canal 

44 


Till 

Uncompahgre. 




All 

Idaho: 





Boise. 

Boise Dam (e) 

30 

2,660 

2,560 


Arrowrock Dam 

230 


maam 

u . 

Drops in canals 

20-00 


■qH 

Minidoka. 

Minidoka Dam (f) 

50 

10,000 

■HI 

Kansas: 





Garden City. 

Deerfield (steam) (g) 


700 

700 

Montana: 





Flathead.. 

Flathead River 

00 


300,000 

<r 

Revais Creek 

1000 


20,000 

Huntley. 

Main Canal drop (h) 

34 

280 

Q00 

Montana, N. D.: 





Lower Yellowstone .. . 

Lateral K, K. drop 



290 

Nevada: 





Truckee-Carson. 

Lahontan () 

120 

1,800 

0,000 


20-foot drop 

20 


2,000 

New Mexico-Texas: 





Rio Grande.. 

Elephant Butte (steam) (j) 


2,000 

2,000 

if « 

“ “ (hydrociec) 



10,000 

North Dakota: 





N. D. Pumping. 

ViUlston (steam) (k) 


1,550 

1,560 

Oregon: 





Klamath.. 

Various sites 

22-88 


0,700 

Umatilla.. 

Drainage outfall 

28 


145 

Utah: 





Strawberry Valley,... 

Spanish Fork (l) 

125 

1,000 

3,500 

Washington: 





Yakima,. 





Sunnyslde Unit ., *. 

Drops in canals 

20-88 


1,800 

Tieton Unit,.. 




3,260 

VVapato Unit .. 




9,000 

Okanogan. 

3rop No. 1 (m) 

105 


260 


" (n) 

60 


300 

i/ 

Salmon Creek 

441 


2,800 




30,370 

632.908 


♦Power may be developed on other projects, but data not completed. 
tTurbine capacity* 

(a) Three lG80-h.p. and two 1800*h.p. turbines; five 1060-kw. generators. 

(b) Two 1400-h.p. turbines direct connected; two 1000-kw. generators, 

(c) Two 725 h.p. turbines direct connected; two 526-kw. generators, 

(d) Six 1000~h.p. vertical tangential wheels; six 875-kw. generators. 

(e) Three 850-h. p, turbines, direct connected; three 025-kw. generators. 

(0 Five 2000-h. p. turbines, direct connected to five 1400-kw. generators. 

(g) Two 350-h. p. steam turbines and two 225-kw. generators. 

(h> Two vertical turbines, direct connected to two 20-inch centrifugal pumps, capacity 
28 second-feet. 

(i) Two 900-h, p. turbines direct connected to two 025-kw, generators. 

(j) Three 025-kw. steam turbine units* 

(k) Two 300-kw. and one 500-kw. steam turbine units. 

(l) Two horizontal 800-h. p, turbines and two 600-kw. generators. 

(m) One 260-h. p. turbine; one 187-kw. generator, 

(n) 300-h. p, turbine; one 187-kw. generator. 
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Other interesting developments are those in southern Idaho; 
the larger on Snalce River near Minidoka, and the smaller on 
Boise River near the city of Boise, On several of the other 
projects, power plants have been constructed or are projected, 
notably in New Mexico at the large dam being built on the Rio 
Grande and in Utah on the Strawberry Valley project. In the 
State of Washington a number of small plants are under con¬ 
struction in connection with pumping extensions of the Yakima 
and Okanogan projects. 

At each of the large storage dams, built by the Reclamation 
Service, there are opportunities for intermittent power, some 
of which will undoubtedly be utilized after this country has 
developed to a higher degree and markets are established. 

The following extract from material for the forthcoming 13th 
Annual Report of the Reclamation Service gives in summarized 
form the capacity, output and construction costs for each of 
the more important power plants of the Service. 


Power Plant Data. 


Project 

Name of 
plant 

Capacity kw. 

Cost 

Output kw-lir. 

Sold 

Used by 
Reclame- 
tionService 

Rated 

Safe 

observed 

Arizona, 







Salt RSver.... 

Roosevelt 

5300 

8000 

*$042,064,23 

0,330,802 

2,032,230 


South 







Consolidated 

2000 

2000 

102,123.05 




Arizona Palls 

1050 

1000 1 

100,500.73 




Crosscut ] 

5200 


incomplete 

J 


Idaho 







Minidoka ..,. 

Minidoka 

7000 

7-120 

433,887.21 

7,342,003 

10,611,003 

Boise... 

Boise 

1875 

2100 

108,440.05 

. 2,520,422 

4,037,031 

Nevada, 







Truckcc- 







Carson,.... 

Lahontan 

1250 

1450 

85,437.03 

210,544 

2,110,127 

Utah, 







Strawberry, 

Spanish 






Valley. 

Fork 

1000 

1000 

55,631.71 

687,780 

160,074 

New Mexico. 







Rio Grande, . . 

Elephant 



• . 




Hutto (steam) 

1875 

1875 

130,401.83 

14,825 

3,275,285 

N. Dakota 







Williston. 

Williston 







(steam) 

1150 

1650 

228.000.30 

430,300 

559,003 

Totals ... 


22600 

21806 

$2,022,771.83 




♦Exclusive of power canal and diversion dam $1,500,459,01. To the cost of this power 
plant will be added $83,000 to cover a BOOO-kw, unit now being purchased, making a total 
cost of $725,061.23, and a total rated capticltyof 10,300 kw. 


fNot Included in totals. 
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Arizona, Salt River Project. The power plants built in con¬ 
nection with the construction of the large Roosevelt dam and 
at several drops along the canals which distribute the water 
which has been stored behind the dam are among the most 
important built by the Reclamation Service, They illustrate 
the' development of this somewhat peculiar type, the operation 
of which is necessarily made subsidiary or secondary to the use 
of water for irrigation. Here, however, where water is used 
throughout the year in irrigation the conditions to be met are 
less severe than those in Idaho, where the water is only used 
during the summer months. 

*" The government has built the Roosevelt dam in the 
canyon of Salt River, 78 miles' above Phoenix, to store over a 
million acre-feet of water for irrigation in the valley below. 
The dam is 280 feet high, affording a high head for a hydro¬ 
electric power plant. A plant was built below the dam to take 
advantage of this opportunity to furnish power for pumping 
underground water to irrigate additional land beyond 'the 
capacity of the gravity water supply, A 10-foot penstock 
through the dam operates machines under a variable head as 
the water is drawn out of the reservoir. 

“ The system also includes a power canal of 225 second-feet 
capacity and 19 miles long around the reservoir, making it possi¬ 
ble to get the full head of the dam with the normal flow of the 
stream at all times. The power canal was built before the dam 
to furnish power for the construction, of the dam itself, so that 
part of the original cost of the canal really belongs to the dam. 
The power house at present contains five machines capable of 
delivering about 5000 kilowatts, and it is intended to install a 
large machine this year that will bring the total output up to 
about 10,000 kilowatts. In the valley, the farmers have as¬ 
sessed themselves for money to build three other power plants 
in places where there is fall in the canal system, having a total 
capacity of 8000 kilowatts. When the plants .now under way 
are completed the power system will represent an outlay of 
approximately 83,500,000, including the cost of the power canal. 
All of these plants are connected by a distributing system consist¬ 
ing mainly of 168 miles of steel tower, 45,000-volt transmission 
line and about 40 miles of 10,000-volt distributing line. The 

’'Abstract of article on the Salt River Valley power situation prepared 
by Mr. Wm, F. Cone and printed in the Reclamation Record for Mav 
1914. . 1 
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surplus power over that required for irrigation is sold and the 
receipts go to reduce the cost of the project as charged against 
the land irrigated. 

" Substations at Phoenix, Chandler, Glendale, Sacaton and 
Miami are distributing current for various uses. At Phoenix, 
all the lighting and electric power in the vicinity is supplied by 
the Government and is used for lighting the city, operating 
the street railway, ice plants, alfalfa mills and a cement mill. 
At Chandler, the power is used almost altogether for pumping. 
At Glendale, the Government supplies power for lighting the 
city of Glendale, operates several motors for different purposes 
and also takes care of a large pumping section just outside the 
project in what is known as the Marionette district. At Sacaton, 
power is furnished the Indian reservation for 10 irrigation pump¬ 
ing plants, for domestic water supply, and for lights at the 
Agency and School. At Miami the Inspiration Consolidated 
Copper Company is now putting in a large mill for handling 
low grade copper ore. This mill covers eight acres of land, 
all under one roof. The company will also operate a smelter, 
the mine machinery, hoists, lighting systems, compressors, 
and other devices by means of power from the Government 
system. 

"In addition to the above-mentioned uses, the farmers in 
one section of the valley are now planning to put in a distri¬ 
buting system of their own, covering about 40 sections of land 
and bringing the power to their homes for pumping domestic 
water and doing general work around the farms, such as light¬ 
ing and cooking,” 

Idaho, Boise Project. In connection with the construction of 
the Arrowrock dam, said to be the highest in the world, a power 
plant has been built on Boise River about 18 miles below the 
site, power being transmitted to the dam for use in construction. 
After the dam is built there will probably be installed at the 
reservoir itself a power plant capable of developing about 5000 
h.p., which will be used in connection with the power plant now 
constructed at the lower point on the Boise River for supply¬ 
ing power for pumping water for irrigation and for commercial 
purposes. 

Idaho, Minidoka Project.* This is one of the largest and most 
interesting developments of hydroelectric power made by the 

*Sce'detailed statement by Barry Dibble in Journal of Electricity, 
Power, and Gas, July 11, 1914. 
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Reclamation Service. The power house is at a dam which was 
constructed across Snake River for the purpose of diverting 
water by gravity to 70,000 acres. This dam has a maximum 
height of 86 feet and a length of 937 feet, In addition there 
is . a concrete spillway about half a mile in length on which the 
water can be controlled by dashboards, thus adding needed 
storage. The drainage area above this diversion dam is 22,600 
square miles. The normal floods occur in June and usually 
reach a peak of some 30,000 to 40,000 second-feet. In low- 
water stage, which follows soon after in July and August, the 
river drops to 2000 second-feet, although from 2500 to 3000 
is a usual minimum. 

At all times water must pass this dam, as there are prior 
water rights to the amount of 3400 second-feet, so that all of 
the flow up to this amount during the irrigation season must 
be passed for the use of the lands below if needed by them. 
This has necessitated the development of storage on the head¬ 
waters of Snake River in Wyoming, about 300 miles above 
the Minidoka dam. This storage is created at Jackson Lake 
in Wyoming, where by building a low dam an available capacity 
of 380,000 acre-feet has been obtained, this being in addition 
to the 53,500 acre-feet which can be held in Lake Walcott 
immediately above the Minidoka dam and power house. 

On the north side of the river, water is diverted by gravity 
to irrigate about 70,000 acres of land. On the south side, the 
water diverted by the dam is used mainly to supply lands which 
lie above the gravity supply and to which the water must be 
lifted by pumping, utilizing for this purpose the power developed 
at the dam through the use of the water which must be passed 
down the river for the lands farther down the stream. 

The power is developed under a head of 46 feet and the plant 
consists of five principal units each having a capacity of 2000 
h.p. in the water turbine. These turbines drive electric genera¬ 
tors which have a normal capacity of 1200 lew. each and which 
under a high head have delivered as much as 1600 kw. each. 

The storage lake immediately above the dam, known as Lake 
Walcott, covers 10,000 acres, and is used in summer time as an 
auxiliary storage in which the water can be raised five feet above 
the spillway crest of the dam by means of flashboards, When 
the lake is thus raised additional head is made available at the 
power house to increase the capacity of the plant. Water is 
taken from the lake to the turbines through 10-ft. penstocks, 
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each of which carries approximately 500 cu. ft, per second, when 
operating at full capacity. 

Electric energy is generated at 2200 volts, carried by cables 
through fiber conduits to air-cooled transformers, which raise 
voltage to 33,000 volts for transmission. 

All the wiring and switching beyond the transformers is in 
duplicate, and all the way through the greatest precautions are 
taken to prevent any accident. The variation of load on the 
power house is extreme, the greatest demand being during the 
heat of the summer when water is needed for irrigation. Great 
fluctuations are caused by occasional rains which lessen the ir¬ 
rigation demand. 

During 1913, the output of the station reached 28,265,287 
kw-hr., with an observed peak of 7420 lew., making the annual 
load factor nearly 40 per cent. The annual cost of operation 
and maintenance amounted to practically $16,000, or less than 
0.07 cent per kw-hr., independent t of fixed charges. Including 
fixed charges, general expense and depreciation, cost in 1913 
was 0.126 cent per kw-hr, 

From the power house, two transmission lines extend over the 
project, crossing the river and uniting so as to form a loop over 
which the current can be supplied. There are about 62 miles of 
30,000-volt lines and over 20 miles of 2200-volt lines, supple¬ 
mented by distribution systems in the towns and owned directly 
by settlers. The annual cost of operating and maintaining the 
high-tension lines is about $40 per mile. 

The pumping stations which supply water to approximately 
48,000 acres of land are the largest which have been built for 
irrigation purposes. It is believed that the pumping stations 
for the city of New Orleans which are used in the case of severe 
rainstorms to remove the storm water from the sewers of the 
city, are the only pumping stations jn the United States which 
have a larger capacity than those on the Minidoka project. 
The station buildings, which are of concrete, contain transformers 
for lowering the voltage from 30,000 to 2200, and also house the 
motors and pumps. 

There are ten pumps which were originally of 125 second-feet 
capacity, each driven by a 600-h.p. motor, and two 76-second- 
foot pumps driven by 360-h.p, motors. At each station the lift 
is approximately 30 ft., so that the lift of the third canal is 
nearly 90 ft. above the gravity supply. 

L ^Approximately 127,000 acre-feet of water were pumped during 
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the season of 1913, and of this, 17 per cent were used on the 30-ft. 
level, 36 per cent on the 60-ft. level and 47 per cent, or nearly 
one-half, on the 90-ft. level. 

The average lift for the season was 68,3 ft. The power required 
was nearly 16,000,000 ltw-hr. with a peak of 6550 kvv., corres¬ 
ponding to a load factor of 27.7 per cent. The cost of operating 
and maintaining the three stations was $13,000, exclusive of 
the fixed charge and of the cost of power, or a trifle more than 
10 cents per acre lifted the average height. The cost of opera¬ 
tion and maintenance of the canal system amounts to an ad¬ 
ditional 75 cents per acre. 

There, has been very heavy demand on the pumping stations 
for a week or ten days in the middle of the summer and at this 
time all of the machinery has been pushed to its fullest capacity. 
Efforts are being made, however, to arrange by rotation of 
delivery of water to spread the demand over a longer period 
without hardship to the farmers and avoid the excessive demands 
for the very short period. 

During the winter of 1913-14, alterations have been made in 
the runners of several of the large pumps and recent tests indicate 
that the changes will increase the capacity from 125 to 165 
second-feet and improve the efficiency of the pumps from 72 
per cent to over 80 per cent. 

North Dakota, Williston Pumping Plant. This plant, although 
relatively small in size, is of peculiar interest because of the fact 
that the government owns and operates the coal mines which 
supply the fuel, this being dug immediately adjacent to the 
power house, and the coal carried immediately from the mine 
through crushers into the hoppers which supply the furnaces. 
Burned there, the steam generated is used in turbines, which in 
turn convert the energy into electric power, which is transmitted 
from the power house down to the Mississippi River, is carried 
out onto barges which contain pumps which in turn lift the water 
from the river to settling basins on the land, from which it can 
flow by gravity back to the power house, be there picked up by 
suitable pumps, raising it about 30 ft., from which level it flows 
to the lands to be irrigated. 

In addition to the power which is used during the summer to 
pump water for irrigation, there has been provided an all-the- 
year-round load by making arrangements with the City of Willis¬ 
ton for sale of power for lighting the city and for other purposes. 
It has been found that a government bureau is not the ideal 
form of organization to handle economically the retailing of 
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electrical power to small consumers. Therefore, the policy 
has been adopted of aiding the fanners and local people to form 
mutual companies to build their own lines to connect with the 
government system, install their own house transformers, and 
handle the retailing of the power. 

Conclusion. In what has been stated above, sufficient de¬ 
tail has been given to illustrate the general character and extent 
of the works being built by the government through the Rec¬ 
lamation Service and to indicate the policy which up to the 
present time has been found advantageous. A certain amount 
of experience has been acquired in this class of development 
work and the demonstration made that it is possible for the 
government to build and operate works at a cost comparable 
to the outlay by ordinary corporations. The results, therefore, 
have peculiar interest to the citizens of the country as showing 
what may be done and also the difficulties to be avoided in 
governmental operations of this kind where the question of 
profit and interest on the investment is not considered, but 
rather the general benefit in upbuilding a community under 
pioneer conditions. When these communities are upon their 
feet, it is the intent of the law that all of these works be turned 
over to the landowners and be maintained by them at their own 
expense, under such regulations as may be desirable at the time, 
It is to be noted that these landowners are to pay for the a'ctual 
cost of the work in annual installments which, under the terms 
of the act of August 13, 1914, have been extended from 10 years 
to 20 years, without interest on the deferred payments. 

The employes of the Government engaged in the construction 
and operation of these works at all times stand ready to assist 
the small subsidiary companies or organizations of farmers 
and water users to build their own lines, to make repairs, and 
in fact to aid them in every way possible, usually taking the 
initiative in urging the farmers to find new uses for power. 
So that ultimately, when the hydroelectric works or big power 
plants are turned over to the organizations of farmers they will 
have had experience adequate to operate them through the 
employment of competent etectricians. At present the rural 
lines cannot be considered a profitable investment from a power 1 
company's standpoint. However, they enhance the value of 
the farms which are reached by the lines and the material sav¬ 
ing to the farmers which comes from use of electricity makes 
the investment a good one from the farmers’ standpoint. 
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Discussion on “ Electrical Features of the United States 
Reclamation Service” (Newell), Philadelphia, Pa., 
October 12, 1914, 

Paul Spencer: Upon hearing the paper read, I was struck 
with the advantages of having someone supply you with money 
without interest charges, and being able to make contracts on 
which you could shut off power whenever you did not have it, 
or did not wish to supply it. Under those circumstances, I 
can understand that you might be able to sell your surplus 
electricity at the price stated. The low rates can only be con¬ 
sidered as due to those extremely peculiar conditions. 

Ralph W. Pope: It is not quite true that the cost of installa¬ 
tion is given to the owners of the land, or that they do not pay 
the cost. That is all figured out, and included in the price 
that they pay for the land, and it is expected that the installa¬ 
tion will be paid for by the consumers in the course of twenty 
years. ■ As to the low rate, there is absolutely no use for 
the power in winter. The intent of the irrigation plant is to 
supply water for irrigation, and no pumping is required during 
those months when the low rate is given. It is simply a question 
of competing with coal, for heating, and this is possible where 
coal is $7 a ton. 

I had occasion to inquire about this matter of taking up 
land, and the replies I got were conflicting. One question that 
I asked a man, was whether they found men who were willing 
to take up these small tracts and pay the price, whether or not 
they were farmers who were accustomed to operating small 
farms. He said that was one of the difficulties that they had 
to contend with, that they did not find people ready to take 
up the land under those conditions. Another man that I met 
further on, said that where he was, they had had no difficulty 
of that kind, that there was no trouble at all in finding people 
who were willing to settle under those conditions. So, there 
you have the two statements, probably one coming from one 
part of the country, and the other from another part, 

It is certainly a very interesting subject, and since I have 
learned more about irrigation, I realize that it might have been 
used in our eastern States to great advantage, and we would 
have less growling about a drought, such as exists now in many 
parts, if farmers had utilized the water which is available for such 
purpose. Of course, this is not always the case, because we do 
not have the snow-capped mountains in the East to furnish water 
through the action of the sun, so that the conditions are some¬ 
what different. 

J. E. Kershner: I was looking over the table on page 1611, 
and, a little contrary to a previous speaker, I cannot say that 
I was struck with the cheapness of the power, except, perhaps, 
in two instances—0.268 cent and 0.126 cent per lcw-hr. If 
you except those two cases, we can buy wholesale power cheaper 
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than any of the other figures, from Pennsylvania water power 
companies. 

P. M. Lincoln: The extremely low rate for heating, given 
in the table on page 1613, is possible simply because during the 
winter time they have no other use for the power, and the only 
market for their power is for heating purposes. The load fac¬ 
tors are given on page 1611. Those prices apply for the load 
factors actually given. You will notice that where the load 
factors are high, the prices arc low, and where the load factors 
are low, the prices are high. 

H. A. Hornor: There is one fallacy spoken of in the paper 
that we all know very well, but it seems to me that it is import¬ 
ant from the standpoint that the public does not seem to under¬ 
stand it. I refer to the question of transformer losses. I have 
heard it stated by an engineer of one of the most efficient central 
stations in the eastern part of our co'untry, that the coal con¬ 
sumption _ on Sunday about equalled the normal daily coal 
consumption during the week, due simply to transformer losses, 
I think the public fails to appreciate that the central station has 
to carry a transformer load in order to supply its customers 
with reliable power. 

Vladimir Karapetoff: Mr. Newell in his paper does not 
claim to bring out anything new from an engineering point of 
view. On the contrary, he emphasizes the fact that the con¬ 
struction used is standard as much as possible. Nor is the 
paper remarkable for the size of the plants or the hydraulic 
head used. We have a great many plants in comparison with 
which the .plants he describes are mere dwarfs. But the paper 
is of great interest because it gives examples of successful hydro¬ 
electric work done by our government. Those of us, who, like 
myself, are believers in government ownership and operation 
of public utilities, welcome a paper of this kind, because it fur¬ 
nishes us with valuable material for our argument, We have 
very little inkling of the successful engineering work done by 
the government, This afternoon we listened to an account of 
the highly successful work done by the Navy Department in 
cooperation with private concerns, I welcome Mr. Newell’s 
paper as showing that there is no reason why the government 
should not engage in a hydroelectric project and bring it to a 
successful end. 

There are just two points about which I would like to ask. 
On page 1611 the cost in cents per kw-hr, is given, Is it not 
rather misleading, to give the cost per kw-hr. in a hydroelectric 
station? The first plant, for instance, operates at an annual 
load factor of 12,7 per cent, and the cost in cents per kw-hr, 
is 0.81. The plant could furnish, say, five or six times that 
amount of power, with very slight increase of expense for ad¬ 
ditional personnel, and the cost in cents per kw-hr, would be, 
say, one-fifth of that given. In other words, it seems to me that 
the last column does not really give the cost, unless it is always 
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quoted in connection with the annual load factor. There ought 
to be some other basis for comparison, Of course, one basis 
is the cost of the original construction, per kilowatt capacity. 

Another point is this: Some years ago I was asked to in¬ 
vestigate into the possibility of certain electrochemical processes 
in this country that require cheap power, and particularly one 
of fixation of atmospheric nitrogen, a problem which appeals 
so much to our imagination. At that time I could not find 
any place where power could be purchased at a figure that 
would warrant such an installation. After reading these won¬ 
derful figures of cost, I should like to ask those who, like Dr. 
Hering, understand about electrochemical processes, if nitrogen 
fixation, or some other fertilizer process, could not be run in¬ 
termittently during the winter months in connection with one 
of these plants? 

Carl Hering: It seems to me that answers itself, provided 
such a process can be interrupted; in fact, at a recent meeting 
of another society, I cited that very case as one in which 
power could be “Stored” more cheaply and better than it can 
be stored as water in reservoirs, I refer to those electro'chemical 
plants which can be run when the water power exists, and can 
be shut off when it does not exist. In that way the product 
can be produced while the water is flowing, and can be sold at 
one’s leisure, which is in effect a process of storing the energy, 
There is no doubt that this can lie done with some electrochemical 
processes, but not with all of them. 

In connection with what Prof. Kershner said, I notice at an¬ 
other place in the same table, on page 1611, that these costs 
are stated to be those at the switchboard, and not for power 
delivered to the premises. It is one thing to generate power, 
and another thing to transmit it and deliver it; the cost of trans¬ 
mission is sometimes great. One would have to run his own 
lines to the switchboard, to use the power at these rates. If 
the cost of distribution is added to the figures in the lower part 
of the table, the energy is by no means cheap. 

Mr. Bender: I would like to ask, also, in connection with 
those figures, if interest is included in those costs, That would 
be another item to be taken into account. 

P. M. Lincoln: I am not sure of that, but I think interest 
is included, but at a very low rate, a rate at which the govern¬ 
ment can borrow money. 

H. Goodwin, Jr.: Mention has been made of the use of water 
for irrigation in the orange orchards in Southern California, 
and it might be of interest to try to get a little nearer to the 
point of view of the men operating those orange groves. Two 
years ago I was at Santa Paula, about 100 miles north of Los 
Angeles, at the oldest lemon grove in Southern California, which 
is now growing many oranges, too. They own the water rights 
of a small stream which supplies sufficient water for irrigation 
all through the irrigation season, The grade at which, the 
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water reaches the grove is the highest of the level section,' but 
above that are many acres on a steep hill lyhich were used only 
for hay. (Their hay is a mixture of barley and oats, and not 
our timothy and clover). There was so much money in oranges 
that they were considering putting about 50 acres of this land 
into oranges. To do that they would have to pump water to 
the top (by electric power, of course). 

. At the rate they receive for such purposes it was found that 
it would cost them $18 a day for pumping water up over this 
hill of 50 acres, That was no hindrance at all to them. They 
went right ahead with the proposition. Eighteen dollars a day 
is nothing at all to them, But if you tell a farmer here in the 
east to spend $18 a day for pumping water over his land, so 
as to double his output, he will tell you you are crazy. 

There is another interesting point about the way they use 
the power. One very large item of expense of which Mr. 
Hornor has spoken is transformer expense. They avoid this 
by using 2400 volts just as we would use 110 volts here. All 
the pumps are 2400 volts. They run the overhead lines on 
ordinary D.G. glass insulators, come into a little shack through 
porcelain tubes, erect some current transformers and a meter, 
put a couple of knobs on the ceiling, and drop down to the motor 
m the center of the floor. This wiring does not cost them much 
over $20 or $25, which is a decidedly different proposition from 
our transformer installation, and other work we have to do in 
this section. Yet I could not find any case of death by elec¬ 
trocution of any of the men working around these groves. 

The point of view of the Southern Californian is so different 
^ 0m ,j 0 V r ov ™ in re S ard t0 spending money on farms, that It 
should D6 of interest to us to look at things occasionally from 
that viewpoint, 

T. H. Newell (by letter): The above discussion indicates that 
the object of this paper has been correctly understood and 
that it is necessary only to answer one or two questions. 

With reference to the talcing up the reclaimed land, there 
has been relatively little difficulty or delay in this, as the public 
lands are practically given away under condition that the cost 
of bringing water to these lands, including the expenditures for 
the hydroelectric power plants and other accessories, is repaid 
by the land owner within 20 years. The time for repayment 
was originally set at 10 years, but by Act of Congress of August 
13, 1914, it was extended without interest to 20 years. Thus 
the land owners are called upon to pay an average of only 5 
per cent on the principal, not interest, for 20 years and then 
all payments cease, except for operation and maintenance. 
The amount paid, however, during the first few years is less 
than 5 per cent, but during the later years of the 20-year period 
is as high as 7 per cent, being adjusted so as to make complete 
payment of construction cost within the 20-year period, 

In regard to the cost of lands which have passed into private 
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ownership, the prices set on these have been high, but the in¬ 
flation has practically ceased, and lands irrigated by the govern¬ 
ment are now being held at more moderate prices than in the 
past few years. The difficulty has not been so much that of 
disposing of the land as in getting it utilized to the best ad¬ 
vantage after it has passed into the hands of homestead entry- 
men or purchasers. The lack of capital and high interest 
charged on borrowed money has delayed development, but with 
the gradual growth of the country and increase of small in¬ 
dustries made possible by cheap power, there is a steady im¬ 
provement in agricultural conditions. 

One of the striking needs, as pointed out in the above discussion, 
is that of some method of storing this cheap power, one which 
may possibly be brought about by electrochemical processes. 
Here is a field for invention which it is hoped will be entered 
upon at an early date. 

The experience which is being acquired in construction, 
operation and maintenance by the government of works of this 
character cannot fail to be of value, particularly at the present 
time when there is general agitation for enlargement of govern¬ 
mental functions. This paper will have fulfilled its purpose if 
it has attracted attention to some of the opportunities and 
limitations of such governmental undertakings. 
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THE CORONA PRODUCED BY CONTINUOUS 
POTENTIALS 

BY STANLEY P. FARWELL 
Abstract of Paper 

This paper deals with an experimental investigation of the 
corona around small wires as produced by continuous potentials 
up to 15,000 volts. The continuous potentials were obtained 
from a' series of 500-volt generators. 

The wire and coaxial cylinder method was employed for a num¬ 
ber of experiments, Critical voltages and characteristic poten¬ 
tial difference and current curves were obtained for different sized 
wires. The effect of lowering the pressure in the cylinder upon 
appearance of corona, critical voltage, and current, was studied. 

It was found that the appearance of the corona depended upon 
the polarity of the wire; positive polarity gave continuous glow, 
while discontinuous beaded appearance characterized the nega¬ 
tive corona, the number of beads being a function of the pressure 
and the potential difference for a given size wire, A short arc 
in series affected the nature of the discharge by superimposing a 
high-frequency current upon the direct current. Characteristic 
curves were taken to show the effect of varying pressure, mois¬ 
ture and temperature. An increase of pressure inside the 
closed cylinder was produced by the application of a potential 
difference greater than the critical value; this increase is due to 
ionization. 

Corona in the case of parallel wires was studied by taking 
characteristic curves and exploring the field. Field exploration 
showed anode fall of potential greater than cathode. Corona ac¬ 
companied by mechanical effects on wires; deflection on both 
wires and circular vibration of positive wire. 

The Direct-Current Corona 

I N alternating-current transmission lines at very high volt¬ 
ages a loss occurs by dissipation of power into the air. 
This is accompanied by luminosity of the air surrounding the 
conductors, and to this glow the name "corona” has been 
given. Loss begins at some critical voltage, depending on the 
size and spacing of the conductors, etc., and increases very 
rapidly above this voltage. This corona effect is of considerable 
importance, as it involves a power loss of some magnitude on 
long lines, and it has been studied by Steinmetz, Scott, Ryan, 
Mershon, Jona, Peek, Whitehead and others. 

The corresponding direct-current case, although not of such 
immediate importance, is yet of considerable interest in view- 
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of the high-tension direct-current developments on the conti¬ 
nent of Europe. The only work of much importance along this 
line has been done by Watson 1 and Schaffers. 2 Watson has 
carried out a number of tests of wires strung axially along a 
cylindrical tube and also on two parallel wires out-of-doors. 
The wires used were of various diameters between 0.70 mm! 
and 12,76 mm. The source of power was an influence machine 
of special design and large output which would give any potential 
required up to 70,000 volts. 

The electric stress at the surface of a wire subjected to elec¬ 
tric potential is as follows; 

Wire in cylinder; 


Two parallel wires; 


Rn 


V 


. b 

a log, - 
a 



where V - potential difference between wires, or between 
wire and cylinder, 
a = radius of wire, 

<1 = distance apart of wires, • 
b = radius of cylinder. 


Of these formulas, the first is exact, while the second is only ap¬ 
proximate, but is very nearly correct for all ordinary cases where 
a com P ai- ed to d, and the wires are well above the earth. 

The value R maX in the above formulas is called by some 
writers the "critical surface intensity” and is extensively used 
m expressing the results of tests. It has been well established 
by Watson, Whitehead and others that this critical surface 
intensity increases very greatly as the radius of the wire de¬ 
creases, A comparison made by Whitehead of his results for 
this intensity in the case of alternating potentials with the 
similar values deduced by Watson for continuous potentials, 
shows that for a given size of wire it requires the same voltage 
to .produce corona in both cases, if the maximum value of the 
alternating potent ial be used. 

i. Watson, Electrician, London, Vol. 03, 1909, p. 828; Voi. 64, 1909-10 
pp. 707 and 776. 

<2. Schaffers, Camples Rendus, July 1913, p, 203. 
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For the case of a wire in a cylinder Watson found some differ¬ 
ences between the case when the wire was positive to the cylin¬ 
der and when it was negative to it, these differences occurring 
both in the appearance of the corona and in the measurements 
relating to it. 

The article by Schaffers referred to above, gives the results 
of a study of the ionization in cylindrical fields, using wires of 
various diameters ranging from 0.0006 pm. to 0.70 cm. in tubes 
ranging from 0.70 cm. to 11.7 cm. in diameter. He says nothing 
of the source of potential used or of the appearance of the 
coronas. He finds that for the larger size wires the positive 
corona appears at a lower voltage than the negative and that 
for the smaller sizes, the reverse is true, the radius 0.01 cm. 
separating these two regions, Another conclusion reached by 
this investigator is that the nature of the material of the wire 
is without effect upon the coronal voltage, at least if the wires 
are not very fine, 

When this investigation was undertaken, there was no physical 
theory advanced which explained the phenomena observed. 
During the progress of this work, however, two theories were 
published, one by Bergen Davis (Trans. A.I.E.E., this volume, 
parti, p. 589) the other by J. E. Townsend (Phil. Mag., May, 
1914,) which try to explain the phenomena by ionization through 
collision. Both theories neglect the influence of light and a 
number of phenomena that have been discovered in the present 
investigation. 

In view of the scarcity of certain data as to the corona at 
continuous potentials, the object of the work described in this 
paper has been to extend our experimental knowledge in this 
direction. 

Details of Experimental Apparatus 

The source of the continuous potentials -employed was a 
battery of small continuous-current generators connected in 
series. There were thirty of these, each rated as follows: 
Amperes, 0.5; watts, 250; speed 1700; volts, 500; shunt-wound. 
The potential available, then, was 15,000 volts when the ma¬ 
chines were run at normal voltage. 

These generators were arranged in two sets, one of twenty 
machines and the other of ten, The generators were self- 
excited and could be put into service by closing a small knife- 
switch in each field circuit. Voltage control was obtained in 
this manner and by controlling the speed of the set by field 
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control of the driving motor. A fine adjustment of voltage 
was obtained by means of a rheostat in the field circuit of one 
of the generators. The series * connection between the ma¬ 
chines was permanent. 

The diagram of connections in Fig. 1 is self-explanatory. 
The apparatus labeled "Short Arc” consists of an air gap 
between the head of a tack and a copper wire. This spark 

Machine Terminals 


+ 



gap could be cut out of the circuit by closing a shunt around 
it., Special care was taken in setting up the apparatus to thor¬ 
oughly insulate it from the ground, except that the negative 
terminal of the generating apparatus was grounded, in order 
to minimize the danger from shock, 

The voltage between the busbars and hence, with sufficient 
accuracy, the difference of potential impressed upon the corona 
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apparatus, was measured by means of electrostatic voltmeters. 
For the lower ranges an instrument was employed having a 
range of 3500 volts and accurate to within one per cent. 
This conclusion was reached by comparing its indications with 
those obtained by adding the voltages of the machines used, as 
given by a 750-volt direct-current portable voltmeter which had 
been carefully calibrated. 

For the measurements of the higher differences of potential 
a vertical type Kelvin electrostatic voltmeter was used. This 
instrument had three ranges, of 5000, 10,000, and 20,000 volts, 
which could be secured by hanging the proper weights from 
a lug at the bottom of the needle. Only the 10,000 and 20,000 
ranges were used. The lower part of the 10,000 range was 
calibrated by the same method as for the lower range voltmeter, 
as well as by measuring the voltages indicated by the portable 
voltmeter when a high resistance was inserted in series with it. 
This high resistance was made of a U-tube containing alcohol 
into which two platinum wires dipped. This resistance was 
kept from heating by immersing it in a mixture of ice and water. 
Under these conditions the resistance was very constant for 
the small currents used. 

The higher ranges of this voltmeter were calibrated by refer¬ 
ence to an attracted disk electrometer. This instrument had 
a disk 5.5 cm. in diameter. The aperture of the guard-ring was 
5.9 cm. in diameter and the outside diameter of the guard ring 
was 16.0 cm. A separation of 1.5 cm. was used between the 
disk and the lower plate. 

Due to the non-uniformity of 'the field at the edge of the 
disk, an edge correction must be applied to the indications of 
the electrometer. This edge correction is treated by Maxwell 
in Vol. 1 of his "Electricity and Magnetism” and the con¬ 
clusions reached are briefly as follows: 

Let 

R — radius of disk 
R' — radius of aperture 
D — distance between plates 
A — effective area of disk 
a = 0.220635 (R'—R) 

W = wt. in grams to balance. 

Then 

V = D\/^ 





f; 


! 


163(5 PARWELL: DIRECT-CURRENT CORONA [Nov, 

where 


13 




Using the numerical constants of the instrument as given 
above, there results: 

a = 0.044 
A — 25,474 sq. cm, 

We may write V = k VW, where k is the constant 


■A 

= 1 13 ;" 2 ; 3 ' B y a similar series of operations we find 
that for plates 1 cm. apart, k = 0357,6, 

By use of the value k - 14,000, which is nearly enough 
conect the values of W to balance for different voltages were 
calculated, and a test run to determine how closely these values 
checked with the actual weights required for a balance when 
the voltages indicated by the electrostatic voltmeter were 
impressed. A consideration of these figures with due regard 
Lo the accuracy of the determinations led to the final calibration. 

DArsonval galvanometers were used to measure the dis¬ 
charge currents obtained with the various pieces of corona 
appaiatus. . Most of the characteristic curves were taken with 
a very sensitive galvanometer which had a small coil, a resist- 

TZ I C T eCt i 11£ I™ 1 '"* ° f 326 '° ° hmS ' and was Practically 
dead-beat. For the later moisture and pressure determine ■ 

tions which extended over some days, a less sensitive instru¬ 
ment was used. This had a heavier coil, a resistance with 
connecting wires of 849.5 ohms and a period of six seconds. 

its figuie of merit was about five times that of the first instru¬ 
ment. 

The figure of merit of these galvanometers was determined 
trom tune to time, using accurate resistances of high value 
and as a source of e.m.f. either a dry cell or a standard cell. 

In the case of the dry cell, its e.m.f. was determined from the 
indications of an accurate laboratory standard voltmeter. 
An Ayrton universal shunt was used in connection with the 
galvanometer. This shunt box had five coils connected be¬ 
tween contact points. 


11 
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Preliminary Experiments 

When this work was first undertaken, it was not apparent 
from the limited literature of the subject what one might expect 
in the way of coronal phenomena which might be produced 
by potentials up to the total voltage of the generating sets, 
namely 15,000 volts. No glow could be obtained between 
flat plates; only an arc. Then an investigation was begun 
to find out what kind of terminals would have corona produced 
between them by the comparatively low voltage available. 

A brass rod, 0.637 mm. in diameter, was located axially 
along a tube 4.45 cm, in diameter and the full voltage of the 
sets was impressed. No effect was visible. Then provision 
was made for exhausting the tube, and at about one-quarter 
atmosphere a discharge took place. This took the form of 
brilliant radial purple arcs terminating in bright blue “stars” 
on the walls of the tube. These arcs were in constant motion 
around the wire and along the tube and reminded one of a pin- 
wheel. A fairly large size wire was substituted for the rod and 
still no corona could be obtained at atmospheric pressure. 

Recourse was next had to large influence machines. It was 
known that the silent discharge between points was of the same 
nature as the corona between wires and it was reasoned that 
if the e.m.f. of an influence machine were impressed between 
small parallel wires, a discharge would take place between them. 
Two bare No. 40 wires were stretched parallel to one another 
and a few centimeters' apart, and a silent discharge was found 
to take place between them. The appearance of the discharge 
was at once seen to depend upon the polarity. The discharge 
was discontinuous, small brushes on the negative wire corres¬ 
ponding to sections of uniform glow on the positive wire, The 
brushes were in a more or less constant movement back and 
forth along a short path, but they appeared to be more or less 
evenly spaced along the wires. It was also noticed that the 
wires vibrated and that the negative wire bowed in toward 
the positive, which bowed away from the negative. It was as 
though a wind were blowing across the wires. 

Another experiment was tried with a No. 40 wire above a 
sheet of tinfoil. With this arrangement and wire positive, a 
continuous glow appeared along the wire, while when the wire 
was negative the discontinuous brush discharge appeared again. 
Vibrations were also noticed with this apparatus. 

A mandolin steel "E" string, 0.24 mm. in diameter, was 
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strung along the axis of a brass tube of about 3 cm. diameter 
and the wire and tube were connected to opposite polarities 
of the influence machine. If the wire was positive, a continuous 
bluish glow of markedly uniform appearance appeared along 
the wire. When the wire was negative, the discharge was in 
constant movement and seemed to consist of countless purple 
streamers or brushes. There seemed to be no appearance of 
regularity of spacing of isolated brushes, 

When these tests were run it was noticed that the main dis¬ 
charge knobs on the machine could be moved together until 
they almost touched before a spark would pass. This indicated 
that the difference of potential between the parallel wires, 
for example, could not be very high, not over 10,000 volts per¬ 
haps. This fact suggested that similar discharges with small 
wires should be produced by the continuous potentials from the 
generating sets, So the experiments were carried out again 
and it was found that the same effects were produced by the 
generators. 

The crude tube apparatus was fastened to a board by means 
of nails driven into the wood and bearing against the wall of 
the tube. Connection was made to the tube by wrapping a 
wire around one of these wires, This wire became loose and 
separated 0.01 inch or so from the tube, The consequence was 
that a short arc was established between the wire and the tube. 
The presence of the arc caused a marked difference in the char¬ 
acter of the positive discharge, With 'a potential difference 
of about 8000 volts and the wire positive to the tube, a very 
active discharge took place between the wire and tube. The 
whole tube appeared filled with a bluish glow particularly bril¬ 
liant around the wire, where an uneven effect was apparent, 
resembling a brush' discharge. The discharge was unstable 
and variations in the arc produced marked variations on the 
discharge. After the bluish glow had continued for some 
minutes, the nature of the discharge became suddenly different. 
Purple arcs appeared, of much the same nature as those men¬ 
tioned above in connection with the discharge from a rod at 
low pressure. After a while the discharge would resume its 
former character and then the process would repeat. The arc 
between the nail and tube appeared bluer while the whirligig 
discharge was going on. A small wire was slipped in to bridge 
the gap between nail and tube and then the discharge became 
merely a faint blue glow of a uniform nature, apparent only in 
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the immediate vicinity of the wire. With the gap closed, 
the wire negative, an entirely different discharge took place. 
Small purple brush-like discharges were clustered irregularly 
along and around the wire and these held their positions fairly 
constant. When the arc was again introduced, the discharge 
appeared somewhat dimmer, although keeping its nature about 
the same, as far as could be seen by looking from the end of the 
tube. 


Characteristic Curves at Atmospheric Pressure 

In order to study the influence of diameter of wire upon 
critical voltage and discharge current, a number of different 
sizes of bare wire ranging from No. 40 to No. 10, copper, were 
obtained from the manufacturers and an apparatus was con¬ 
structed in which the tests could be carried out. This apparatus 
consists essentially of a brass tube 4.45 cm. in internal diameter, 
well insulated from its support and provided with means for 
accurately and tightly stretching a wire along its axis. The 
tube was provided with a small branch tube through which 
the air could be exhausted. The centering of the wire was 
accomplished by passing it over hard-rubber bridges in which 
there were notches axially located with respect to the tube and 
stretching it tightly by means of a mandolin tension-head. 
In order to limit definitely the length of the wire from which 
a discharge could take place, glass plates were sealed to the 
ends of the tube and the wire passed through holes in them 
about 3 mm. in diameter. For most of the characteristic volt¬ 
age-current curves, the exhaust tube and the holes in the plates 
were left open and the air in the tube had the same constitution 
as that in the room, at least at the beginning of the test. 

In order to make sure that no current would flow through 
the apparatus except that through the air, a small wire was 
arranged so that the tube was in the same condition as for a 
test except that none of the wire extended inside of the cylinder. 
Then differences of potential were applied up to 10,000 volts 
and the currents measured. It was found that even at the 
highest voltage the current was insignificant. 

For the first wires tested, a start was made at a low voltage 
and the currents taken by small increments on the way up. 
It was soon found that the current flowing was negligible until 
the voltage approached that necessary for a visible glow, and 
therefore later tests were started at a voltage somewhere near 
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the critical voltage. For each voltage the deflection of the gal¬ 
vanometer was read for both polarities of the wire. 

When the wire was positive and the voltage neared that 
necessary to cause a visible glow, a very marked jump of the 
deflection would occur and a further increase of the voltage 
caused the current to increase very rapidly. The voltage at 
which this sudden increase of the deflection took place was 
called the "critical voltage.” "Visible glow” was taken to 
mean the first appearance of light in the case of the wire positive. 
This glow appeared suddenly for all but the smallest wires! 
in which case the dimness of the glow made it hard to tell just 
where the limit of visibility was, 



t C lIAKACTERISTIC:S,LVEti WlRK °- 037 mu. Diameter 
45.3 ** »»*.« relative humidity 

As has been noted, the presence of dirt or dust particles on 
the wile, when negative, has a marked effect upon the discharge. 
Often a spot or two on the wire would glow long before the 
wire as a whole was luminous, Due to this fact there is no 
definite, critical voltage as in the case of the positive polarity, 
for the initial jump of the deflection is much a matter of chance, 
But as the voltage is increased, there occurs a critical voltage 
at which a flickering glow can be seen along the wire preliminary 
to the spieading of the discharge from a few spots over the 
whole wire. This phenomenon occurs at a definite voltage 
for a given size, wire and it is this voltage which is given in the 
tables under 'visible glow” for the negative polarity. 
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Readings of wet and dry bulb thermometers and an aneroid 
barometer were taken for each test and the per cent relative 
humidity was calculated. The barometer was checked from 
time to time by reference to a very accurate mercurial ba- 
rometer. 

The silver wire used in these tests was really silver wire with 
a platinum core, known as “Wollaston" wire. This wire was 
used both in its original state, diameter 0.0517 mm., and with 
some of the silver dissolved off, giving wires of average diameter 
0.027 and 0.037 mm. 

The tungsten wire was of the sort used in 25-watt lamps. 



Pig. 3—Characteristic: No. 40 B. &. S, Copper Wire, 0.077 mm. 

Diameter 

Tube 4.46' cm. diameter, 26 cm. long; temperature 25 deg. cent.; relative humidity 
41.6 per cent; barometric pressure 745,3 mm. 


The diameters of the very small wires were obtained by the 
use of a microscope fitted with a stage ruled with parallel lines. 

Variation .of Critical Voltage and Glow Voltage 
Tables I and II give data on critical voltages and the voltages 
required to produce continuous visible glow for wires of dia¬ 
meters ranging from 0.027 mm. up to 1.28 mm., and are plotted 
in Fig. 2. Similar tables for Figs. 3, 4 and 5 are omitted. A 
study of these data showed the following facts: 

a. For the smaller sizes, the critical voltage is considerably 
lower than the glow voltage, showing that quite a current exists 
before a luminous discharge occurs. This applies for wire 
positive. 
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TABLE I 
Silver Wire—Diameter 
Temperature 
Relative Humidity 


0.027 mm. 
20.0 deg. cent. 
54.4 per cent. 


Barometric Pressure 741.63 mm, 


Critical 

+ 

— 

Voltage., 
Visible 

....2100 

1880 

Glow. 

..,.2720 

2620 


Potential 

Difference t,aIv ' t!efi - in mm - Shunt factor 

+ - + — 


1.0 l.Q 

1.0 1.0 

l.o 11.00 

1.0 11.00 

11.00 11.00 

11.00 110.0 
11.00 110,0 
110.0 110.0 
110.0 110.0 
lio.o uoa 

1100 1100 

1100 1100 

1100 1100 

1100 1100 

_ wire b roke 

of many readings. 

2.88 X 10"° amp. per mm. 


Current in 10' 4 nmp. 
+ “ 


0.000032 
0.00072 
0.00102 
0.00304 
0.0058 
0.0105 
0.0322 
0.0080 
0.212 
0.335 
0.703 
1.20 
1.04 
2.02 


0.000036 
0.00173 
0.0102 
0.0322 
0.0400 
0.0074 
0.117 
0.220 
0.392 
0.588 
1.12 
1.81 
a. so 
3.61 


Wire rough: 0.027 is averago 
Figure of merit d( galvanometer 


TABLE II 

Silver Wire—Diameter 0.037 mm. 
Temperature 20.7 deg, cent. 

Relative Humidity 46.3 per cent. 

Barometric Pressure 730.48 mm. 


Potential 

Difference 


Critical 

+ 


Voltage. 

...3100 

2200 

Visible 



Glow. 

...3380 

0230 

• in mm. 

Shunt factor. 


! + 

— 


Current in IQ- 4 amp. 
+ - 


2150 

1.6 

2.1 

3000 

4.0 

117.0 

3500 

86.7 

30.3 

3050 

117.7 

53.3 

3860 

20.0 

08.8 

4360 

68.8 

127.7 

4020 

114.3 

172.7 

6060 

242.0 

34.4 

7000 

41.0 

66.0 

8000 

04.0 

84.0' 

0100 

04.7 

131.0 

10000 

121.7 

21.0 

12p76 

23.0 

68.7 


It.00 110.0 


... wire broke— 


11.00 
110.0 
110.0 
110.0 
110.0 
1100 
1100 
1100 
1100 
110D0 
arc. 


) 110.0 
110.0 
110.0 
110.0 
1100 
1100 
1100 
1100 
11000 
11000 


0,00001 
0.00011 
0.0274 
0.0565 
0.0920 
0.220 
0.365 
0,773 
1.31 
2,04 
3.02 
3.88 
7.35 


0.00006 
0.0374 
0.126 
0.170 
0.220 
0.407 
0.551 
1 TO 
1.79 
2.08 
4,18 
6.7 
18.8 


Figure of merit of galvanomotcr 2.88 xlfH amp. per mm. 
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b. The smallest size for which there is no current for wire 
positive before glow appears is No. 36, diameter 0.136 mm. 

c. For sizes larger than No. 36, current and glow appear 
simultaneously, for wire positive. 

d. For wires from about No. 26 up, for the negative polarity, 
the current and the visible glow appear simultaneously, as a 
general rule. 

Fig. 6 gives curves showing the variation of the glow volt¬ 
ages with the radius of the wire. From these curves the follow¬ 
ing conclusions can be drawn: 



Kig, 4—Characteristic: No. 36 B. & S. Copper Wire, 0.136 mm. 


Diameter 

Tube 4.45 era, diameter, 25 cm. lone: temperature 25 deg. ceat.i relative humidity 
45 per cent; barometric pressure 733.86 mm. 


e. For the smaller sizes, the negative glow appears before 
the positive. 

/. For the larger sizes the positive glow appears before the 
negative. 

g. The diameter 0.075 mm, is the boundary between these 
two regions. 

Schaffers has noted this crossing of the curves for the start¬ 
ing points of the positive and negative corona and he gives 
0.01 cm. radius as the boundary value between the two regions. 
He does not specify what he considered as the starting point 
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of the negative corona and therefore it is not practicable to 
compare his value with that given above. 


Variation in this Nature of Corona 
During the tests for the characteristic curves a close watch 
was kept over the appearance of the corona, and there are 
given below some of the characteristic changes and phenomena 
which were noted. 


For the entire range of diameters there was very little change 
m the appearance of the positive corona, except for an increase 
m brightness with the voltage. It always presented a quiet 
uniform, continuous, bluish glow. For high voltages theopen- 



Fig, 6—Characteristic: No, 26 B. & S. Copper Wire, 0.41 mm 

Diameter 


on r> cm. diameter, 25 cm, long; te 

per cent; barometric pressure 740.80 mm, 


ing and closing of the circuit -was attended by a flash of bluish 
light in the tube arid if care was not taken to perform these 
operations quickly, there was likelihood of an arc starting be¬ 
tween the wire and the tube, with the result that the wire, if 
it was small, was burned in two. 

There was considerable change, however, in the appearance 
of the negative corona with increase of diameter and voltage. 
The negative corona on small wires starts with a bright spot 
or two, followed by a mixture of bright spots and brushes as 
the voltage is increased. With still increasing voltage there 
is more of a continuous brush-like effect and the discharge be¬ 
comes quite purple. For the highest voltages the corona is 
brilliant, purple, continuous, and in constant movement. For 
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the smallest sizes, the negative corona is likely to take the form 
of a discharge consisting of isolated, more or less evenly spaced 
brushes. Marked regularity of spacing has often been observed. 
The discharge is noiseless for wires up to No. 26 (0.24 mm.), 
for which diameter a slight hissing appears. As the diameter 
increases, the hissing grows louder and the diameter of the 
corona increases. 

In the case of the larger size wires, it is the general rule for 
the continuous negative brush discharge to appear immediately 
when the critical voltage is reached. 

No flash at make or break of the circuit was observed when 
the wire was negative. 


H 


i 


Pig. 6—Difference of Potential to Cause Continuous Glow, as 
Function of Radius of Wire 

Tube 4,45 cm, diameter, 25 cm, long. 

Discussion of the Characteristic Curves 

A critical comparison of the characteristic curves in Figs. 
2 to 5 brings out the following points: 

a. For a' given voltage, the current increases with decrease 
of diameter of the wire, also with decreasing pressure. 

b. For wires smaller in diameter than No. 40 (0.077 mm.), 
the current for negative polarity of the wire is always greater 
than for positive polarity. 

c. In the case of No. 40 wire the currents for opposite polar¬ 
ities coincide very accurately for a small rise in voltage above 
the critical value, and then the negative current becomes and 
remains the larger. 
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cl. For sizes larger than No, 40, the curves for the two polar¬ 
ities cross. For the lower voltages the positive current is the 
greater, and vice versa for the higher voltages. 

e. The characteristic curves become more nearly parallel 
to the current axis as the diameters increase. 

Table III contains the critical and the glow voltage as functions 
of the radius of the wire, Table IV the glow voltage and the 
maximum electric intensity at the surface of the wire as function 
of the radius. While with increasing radius the glow voltage 
increases, the electric intensity E at the surface of the wire 
decreases, Fig, 6a shows this relation graphically, As has 
been found by previous investigators, this electric force E can 

be represented by the following law: E = a + —jL. For the 
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smallest wires, there are deviations from this formula, as we 
should expect, because the critical voltage and the glow volt¬ 
age differ from each other and as very probably there is a dis¬ 
tortion of the field due to ionization before the glow sets in as 
in the case of two parallel wires. For the positive wire we 
found a = 31.6 X 10 3 ; b = 8.47 X 10 3 , for the negative wire 
a - 35,0 X 10 3 ; b = 8.06 X 10 3 . 

Influence of Pressure on Coronal Current 
The effect of variation of pressure on the voltage to cause 
continuous glow was studied for a No. 26 wire by varying the 
piessuie in the tube from 768 mm. down to 2 mm., and the 
results are given in Table V and shown by curves in Fig. 7. 
Below about 20 ram, pressure it was found impossible to get 
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a negative uniform glow. Instead of this there appeared a 
series of beads approximately equally spaced along the wire. 
It was found that measurements of the coronal current for 


TABLE III 


Critical Difference of Potential to Cause Continuous Glow, as Function of 

Radius oi? Wire. 


Radius in 

imn. 

Material 

Critical 

voltage 

Positive 

glow 

Critical 

voltage 

Negative 

glow. 

0.0136 

Silver 

2100 

2720 

1880 

2520* 

Q. 0186 

Silver 

3100 

3380 

2200 

3230* 

0.0230 

Tungsten 

3380 

3600 

2800 

3300 

0.0258 

Silver 


3030 


3500 

0.0380 

No. 40 Copper 

3080 

4000 

3800 

40 Gt) 

0.0078 

f< 30 Copper 

5120 

5140 

4350 

5320 

0.0825 

“ 34 Copper 


5710 


0140 

0.120 

Steel " E *' String 

aooo 

0600 

0760 

0840 

0.130 

u 30 Copper 

7180 

7180 


7060 

0.206 

11 26 Copper 




0370 

0.32a 

■" 22 Copper 

Kin 

10880 

11440 


0.386 

“ 20 Copper 

. 11850 

11850 

12075 

12400 

0.612 

M 18 Copper 




14120 

0.042 

“ 1G Copper 



15220 

15220 


♦These values uncertain on account of dimness of alow. 


TABLE IV 


R cm. 

V + volts. 

E -f* volts 
per cm. 

E 4-cat cul. 

V —volts. 

72—volts 

per cm. 

E —calcul. 

0,00136 

2720 

2.74 X ID 6 

2.02 

2520 

2.52X10 s 

2.55 

0,002185 

3380 

2.58 

2.29 

3230 

2.45 

2.23 

0.0023 

3500 

2.25 

2.00 

3300 

2.08 

2.04 

0.00268 

3030 

2.12 

1.90 

3600 

2.02 

1.94 

• 0.00386 

4000 

1.06 

1.07 

4060 

1,00 

1.05 

0.00078 

5140 

1.31 

1.34 

5320 

1.36 

1.33 

0.00825 

5710 

1.25 

1.25 

6140 

1.21 

1.21 

0,012 

.0000 

1.07 

1.09 

0840 

1.09 

1 .00 

0.013 

7180 

1.07 

1.00 

7000 

1.14 

1 .00 

0.0205 

8000 

0.03 

0.01 

0370 

0.00 

0,02 

0.0325 

I0S8O 

0.80 

0.70 

11440 

0.83 

o.ao 

0.0386 

. 11850 

0.77 

0.75 

12400 

0.70 

0.70 

0.0512 

1360D 

0.71 

0.09 

14120 

0.73 

0.71 

0.0042 

14700 

0.06 

0.65 

15220 

0.04 

0.04 


the same wire gave different results on different days and it 
was considered advisable to find out the influence of pressure 
for a range around atmospheric pressure in order that the 
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current readings for the different sizes of wire might be reduced 
to a 760-mm, basis. Therefore a series of characteristic curves 
was taken for different pressures with dry air in the tube to do 
away with any effect which might be due to the moisture in 
the air. Fig. 8 shows the results obtained. These curves 
show a marked increase in the current for a relatively small 
decrease in the pressure. The curves also show an unsym- 
metrical spacing, which suggests the presence of some disturbing 
factor. 



In a number of preliminary experiments it was. found that 
it was not possible to repeat observations if the tube was closed 
and the air not changed, In order to do away with any dis¬ 
turbing effects due to moisture in the air and possible changes 
in the constitution of the air in the tube, an arrangement was 
devised for supplying dry air which could be pumped through the 
tube out into the atmosphere. The air was dried by passing 
it through two wash-bottles containing concentrated sulphuric 
acid and then through a tube containing soda-lime. A No. 40 
wiie was strung in the tube and as the atmospheric pressure 
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varied from day to day, series of readings were taken as given 
in Table VII. The general decrease of current with increase of 
pressure is apparent. The readings for the extreme pressures 


table v 

Variation of Critical Voltage with Pressure, 

No. 26 B, & S. Copper Wire. Diameter 0.41 mm. Dry Air at 25 deg. cent. 


Pressure 
in mm. 

Potential Difference for Continuous 
Glow 

+ 

- 

2.0 

720 

*580 

10.0 

040 

*870 

18.0 

1110 

1200 

53.2 

1770 

1020 

01.3 

2360 

2680 

173.5 

3450 

3750 

248.5 

425 ■ 

4010 

334.8 

5120 

6520 

483.0 

0000 

7120 

016.0 

7800 

8330 

720.0 

8730 

9210 

740.0 

8080 

0630 

768.3 

6100 

0040 


No continuous glow obtainable—voltage is that of formation of beads. 


TABLE VI 


P 

in mm. 

v — 

in volta. 

E— 

in volts per 
cm. X .10* 

■ 

n 

E 

average 

E 

calculated 

2. 

720 

0.765 

580 

0.615 

0.69 

0.30 

10.9 

940 

0.098 

870 

0,925 

0.96 

0.85 

18.0 

1110 

1.18 

1200 

1.275 • 

1.22 

1.14 

63.2 

1770 

1.88 

1920 

2,04 

1.96 

2.01 

01.3 

2350 

2.50 

2580 ■ 

2.74 

2.62 

2.72 

173.5 

3450 

3.60 

3750 

3.99 

3.70 

3.97 

248.5 

4250 

4.51 

4610 

4.90 

4.71 

4.87 

334,8 

6120 

5.42 

5520 

5.86 

5.63 

5.83 

483.0 

0660 

7.08 

7120 

7.55 

7.31 

7.30 

610.6 

7800 

8.29 

8330 

8.86 

8.57 

8.00 

720.0 

8730 

9.28 

9210 

9.80 

9.54. 

9.21 

746.0 

8080 

9.51 

9530 

10.1 

9.80 

9.70 

708.3 

0100 

9.67 

9040 

10.2 

9.93 

9.89 


735 mm. and 754 mm. are shown in Fig. 9. These curves show 
quite a regular variation in the effect of pressure with a tend¬ 
ency toward a greater effect upon the current for negative 
polarity. This regularity would seem to indicate that the 
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discordant results obtained in the preliminary experiments were 
due to the presence of other factors than mere change of the 
pressure. 

To determine what effect, if any, the confining of air in a 
closed tube had upon the coronal current, a series of tests was 
run under constant pressure with various conditions as to the 
closing of the tube, the renewal of the air, etc. The erratic 
results follow no evident relations and indicate that confine-' 


TABLE VII 


Effect of Pressure. 

No. 40 B. & S. Copper Wire, Diameter 0.077 turn, 
in 

Tube of diameter 4.-30 cm.; length 26.0 cm, 

Dry air in tube. 

Currents in ]0- 4 nmp. 


Potential 

dif¬ 

ference 


4000 

5000 

0000 

7000 

8000 

0000 

10000 

12000 


736 mm. 
-I- 


0.00026 0.00030 
0.205 0.170 

0.553 0.076 

1.00 1.34 

1,70 2.28 

2.68 . 3.35 

3,45 4.48 

0.24 7.04 


+. 736 

Jump., ...4080 

Visible.4160 


738 

f 

mm. 

749.0 

+ - 

754,0 

+ “ 

0.000070 0.000061 

0.000016 0.000015 

0.000015 

0.00001 

0.181 

0.210 

0,160 

0.100 

0.150 

0.109 

0.557 

0.703 

0.408 

0.011 

0.408 

0.002 

1.00 

1.36 

0.860 

1.17 

0.000 

1.16 

1.73 

2.32 

1.38 

1.00 

1.53 

2.02 

♦ 2.53 

3.26 

2,15 

2.86 

2.28 

2.00 

. 3.43 

4.52 

2.81 

3.71 

2.99 

3.77 

0.15 

8.10 

5.17 

0.51 

5.40 

0.83 


Positive. Corona Appearance. 


738 

4100 

4100 


749 

4100 

4110 


764 

4100 

4150 


Figures for 738,00 nun. are average of throe tests. 


ment of the air has a great effect upon the coronal current and 
also upon the critical and visible glow voltages, Such an 
effect does not appear strange when one thinks of the quantities 
of ozone formed and possibly other products, which, when 
the tube is closed, must remain inside and thus change the 
character of the gas to a considerable extent. It must be con¬ 
cluded from these tests that it is unsafe to compare results 
obtained in a closed tube with those obtained where there , is 
a plentiful supply of fresh air. 
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Influence of Moisture 

la connection with the apparatus for the supply of dry air 
to the tube, an arrangement was devised whereby air could 
be drawn from the room through the tube. The humidity of 
such air was given by calculation from the readings of wet and 
dry bulb thermometers. Parallel sets of readings were taken 
from day to day of the current flowing when dry air was pumped 
continuously through the tube and when air from the room was 
sucked through before each reading. The readings and the 
comparative characteristics for 735 mm. pressure and relative 
humidity 69 per cent are shown in Fig. 10. These curves in- 



Pio. 9 —Characteristic as Influenced jiy Pressure 

No. 40 B. & S. copper wire, 0,077 mm. diameter; tube 4.45 cm. diameter, 26 cm, 
long; dry air at 25 deg. cent, forced through tube. 

dicate a regular effect due to moisture, with a tendency for the 
decrease of current by humidity to lie greater for negative 
polarity of the wire. The decrease of current by the presence 
of moisture is well known and these results bear out this effect. 

To determine whether the presence of moisture in the air 
has an effect upon the critical voltage, a test was run as follows, 
under a pressure of 736 mm. and humidity 68.5 per cent: 

Air was sucked through the tube from the room and the 
voltage was noted at which the initial jump of the galvanometer 
occurred for wire positive. Then the positive glow voltage 
was determined and next the negative glow voltage. Then 
dry air was pumped through the tube and the same measure- 
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ments were taken. An average of two sets of readings on the 
uncalibrated low scale of the Kelvin voltmeter gave the results: 

Wet Air Dry Air 

Positive critical voltage. 4300 4190 

Positive glow voltage. 4350 4260 

Negative glow voltage4275 4370 

The effect of moisture is then to raise somewhat the start¬ 
ing point of the positive corona and act in the opposite way 
for the opposite polarity. 

With wire negative and moist air in the tube, the discharge 
begins from dim spots and the discharge is of no clearly defined 
nature, being a mixture of sections of continuous glow and 



No. 40 B. & S. copper wire, 0.077 mm. diameter; tube 4.415 cm. diameter, 25 cm. long; 
«ry air forced through tube and afterwards air from room drawn through; temperature 
25 deg, cent,; humidity (iO per cent; pressure 735 mm. 


bright spots, these spots being immobile. The discharge be¬ 
gins quite differently for the same polarity and dry air. As 
the voltage is increased, suddenly a bright spot will appear. 
Then for increasing voltage a number of spots appear and they 
are regularly spaced, increasing in number with the voltage. 
These brushes are in continual movement back and forth. 

The effect of moisture on the appearance of the negative 
discharge was shown by the following experiment: 

The tube was filled with moist air and a voltage somewhat 
above the critical value was impressed. A mixed discharge 
resulted as described above. Then a current of dry air was 
started through the tube and little by little the discharge cleared 
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up and resolved itself into a line of uniformly spaced brushes 
which were in continual agitation. If moist air were again 
admitted, the discharge resumed its former character. 

With moist air in the tube and a fairly high potential differ¬ 
ence, the wire vibrates circularly for both polarities, describing 
a torpedo-lilce figure of revolution. The filling of the tube with 
dry air diminishes considerably the amplitude of the vibration 
for wire positive and stops the vibration entirely for wire nega¬ 
tive, . 

Influence of Temperature 

The influence of temperature upon the current for a No. 36 
wire in a closed tube under a pressure of 760 mm, was deter- 



Pig. II—Characteristic as Influenced by Temperature 
No- 30 B. & S. copper wire, diameter G.i35 mw,; tube 4.46 cm. diameter - , 26- om. long! 
tube closed; dry air in tube under 700 mm, pressure. 


mined for the range from 15 deg, to 25 deg. cent, and the results 
appear in Fig. 11. The lower temperature was obtained by 
placing cloths wet with alcohol upon the tube and directing a 
stream of air from a fan upon it. The curves indicate that 
this difference of temperature makes far more difference in 
the current for wire negative than for wire positive, both-currents 
showing an increase for increasing temperature, as might be 
expected. 

Material of Wire 

An attempt was made to determine the effect of the character 
of the surface and the material of the wire in the following 
way. A characteristic curve was obtained for a bright new 
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steel mandolin " E ” string in a tube open to the air. Then the 
wire was dipped into a solution of copper sulphate long enough 
to acquire a smooth coating of copper and another characteristic 
was obtained. Then this wire was amalgamated and another 
test run, A piece of the same wire was dipped into nitric acid 
long enough to roughen it without appreciably decreasing its 
diameter and a test was run on it. Small differences were 
found to exist m the characteristics, but these differences were 
accountable for by the changes in humidity and pressure during 
the time of running the series of tests. It was noticed that orig¬ 
inally polished copper wires became rough on the surface through 
the action of the corona. 


a strong electromagnet was arranged with its poles in close 
proximity to a tube containing a wire on which there was corona 
and no effect upon the current or the appearance of the discharge 
could be detected, either for discharges at atmospheric pressure 
or at reduced pressures. . 


Comparison with Previous Investigations 
The starting point of the corona, and the current, depend 
on the radius of the wire, the nature, temperature, pressure 
and humidity of the air. The corona changes the chemical 
constitution of the air, hence there is great difficulty in formula¬ 
ting the laws But for the beginning of the corona and relatively 
arge radii Peek and Whitehead have found very neat laws 
expressed by the formula* 


L VSR J 

5 _ 3.92 p 
273 + * 

E is the critical electrical intensity at the surface of. the wire, 
K the radius in cm., p the pressure in cm. of Hg. and l the 
temperature in degrees centigrade. In Table VI the critical 
e ectncal intensity has been calculated by means of this formula 
and the agreement between.the calculated and the average elec¬ 
trical intensity or the negative value is quite satisfactory as 
ar c own as 5,32 cm. of mercury, while below this pressure dis¬ 
crepancies are noticeable. 

Vol J ’xXXII lt I9I3 d p T izi® eClHC Slnttglh °f Air ■ Trans, of A.I. E. E. ‘ 
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According to Whitehead the electrical intensity E is inde¬ 
pendent of moisture content, and the current of the corona 
decreases by the presence of moisture. This latter statement 
agrees with our observations, but for the fine wires-used in this 
investigation moisture also affects the starting point of the 
corona. 

Pressure Due to Ionization 

During the first set of experiments to determine the influence 
of the pressure upon the coronal current for pressures around 
atmospheric it was noticed that when the potential difference 
was applied the manometer connected to give the pressure inside 
of the tube showed a sudden increase of pressure. This sudden 
increase was most noticeable for the highest pressure and 
amounted to a centimeter or more. Since it was desired to 
keep the pressure in the tube constant a carboy was connected 
to the tube to act as a reservoir of large capacity and prevent 
the increase of. pressure from reaching any noticeable value. 

To investigate the connection between this increase of pressure 
and the potential difference impressed, a sensitive U-tube open 
manometer was constructed. The manometer had a bore of 
2.8 mm. and contained a light mineral oil of specific gravity 
0,859. It was connected to the tube, the pressure in the tube 
was adjusted to atmospheric, the tube was sealed up and the 
sudden increase of the pressure was noted for voltages from 
those necessary to produce the corona up to those causing the 
maximum jump the manometer would permit without forcing 
the oil out, The increases were noted for both polarities of the 
wire. Table VIII contains data relative to the size of the wire ‘ 
and tube, the readings observed and the increases of pressures 
reduced to terms of millimeters of mercury. -Fig. 12 shows 
the increase of pressure plotted against potential difference. 

For the positive polarity of the wire, there was no appreciable 
increase of the pressure until the corona appeared. When the 
wire was negative, the presence of a small brush or two caused 
the level of the columns to differ appreciably before the general 
discharge appeared along the wire. 

The jump for wire negative was greater than for wire positive 
for the greater part of the range of voltage and it will be seen that 
the general shape of the curves is the same as that of the charac¬ 
teristic curves for the same size of wire as given in Fig. 11. 
Furthermore, by comparing the numerical values of the currents 
and increases of pressure for like voltages it will be found that 









iUG, 12 Increase of Pressure Due to Ionization 




PLATE OXXXVII. 
A, I. E, E. 

VOL. XXXIII, 1914 



Pic. 13 —Tude Used for Photographs [fakweu.) 
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Series No. 1—Pressure in tube and potential difference varied, Ifarweli.] 
Pig. 14 Changes in Nature of Isolated Brush Discharge with 
Potential Difference and Pressure 
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Series No. 1 (continued)—Pressure in tube ancl potential difference varied. 

Pig, 16—Various Forms or Discharge at Reduced Pressures 



#17—negative-—-‘—■■4H10 voltn——‘-JJfil *0 mm* 



#10-nagativo-4400 vol to-801. G mm. 



•//19--nogutlvO"-4750 vol to--801,8 mm. 


Scries No. 3—Wire negative—pressure constant. [farwell] 

Pig. 16—Evolution of Negative Isolated Brush Discharge from 

Continuous Glow 
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Series No. 6—'Wire negative—pressure constant. [farwbix] 

Fig. 17—Variation of Number of Brushes with Potential Dif 
feuence—Glow Voutage 2440 
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Series No. 5 (continued)—Wire negative—pressure constant at 119.0 mm. 

Fig. 18 Variation of.Number of Brushes with Potential Differ 

ence 
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they.are proportional. This shows that the increase is an ioniza¬ 
tion phenomenon, for if the sudden increase were due to the 
heating effect of the current we would expect the increases to 
vary as the square of the currents instead of the first power. 

The theory of ionization would lead one to expect such a jump 
when the gas is suddenly ionized; some particles in the gas 
would be split up by collisions and each of the constituent parts 
would act as a separate molecule as far as its contribution to 
the total pressure is concerned. 

This ionization pressure might serve as a principle upon 
which to build a high-tension voltmeter, for if such a tube 
were once calibrated, the indications of the manometer would 
give a measure of the potential difference impressed. 

Discontinuous Brush Discharge 

As already mentioned, at low pressure and negative polarity 
of the wire, the discharge took the form of isolated beads or brushes 
disposed with approximate regularity along the wire. In order 
to be able to see the wire broadside a glass tube was lined with a 
piece of sheet brass of such a width that a longitudinal slit was left 
along the tube, thus permitting inspection of the discharge along 
the central wire. The glass tube was closed at the ends by glass 
plates with central holes drilled through them, The wire passed 
through these holes and could be tightly stretched by means of 
a thumbscrew, The dimensions of the apparatus are given in 
the illustration, Fig. 13. This picture shows the branch tube 
through which the air could be exhausted and a wire along 
this tube connecting with the brass sheath. The holes around 
the wires where they passed through the glass plates were 
stopped by means of soft wax, the tube was' exhausted and then 
filled with dry air by admitting air from the room through the 
drying apparatus mentioned previously. Then various forms 
of discharge were produced and photographs taken of them. 

Series 1, Figs. 14 and 15, was taken to give .an idea of the de¬ 
velopment of the discontinuous discharge from a few intensely 
bright beads to a series of small brushes spaced with considerable 
regularity along the wire, For the lowest pressures the beads 
consist of a bright cylindrical core along the wire, which core 
is surrounded by a narrow dark space, enveloped in turn by a 
purple glow of relatively large diameter. For increasing pressure 
the central core contracts to a point and the discharge, instead of 
surrounding the wire to form a bead, starts from this bright 
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point and spreads out fan-like in a plane at right angles to the 
wne. Fpi still highei pressures the fan seems to shut up and 
finally degenerates to a small brush. For all of the illustrations 
in Series 1, except No. 36 and No. 37, the wire was not stretched 
tightly and therefore the regularity of spacing of the brushes is 
not very great. The two photographs from which these il¬ 
lustrations were made were taken with the wire tightly stretched, 
and the regularity of spacing is apparent. No. 10 shows the* 
typical uniform positive glow. No. 12 shows the effect upon 
the brush discharge of inserting an arc in series with the tube. 
Series 3, Fig. 16, shows the evolution of the isolated brush form 



i. 1 ig. 19—Negative Characteristic 
long; p% s Tureln%ub e Tl P 0 e 3 mm.' °' 2 ° diamatcr; ‘>‘ ba 3.5 cm, diameter. 25 cm. 


of negative discharge from a continuous glow. For a potential 
difference just above the critical -value, the negative wire was 
enveloped by a more or less hazy continuous discharge. Keeping 
t re pressure in the tube constant and raising the voltage slightly 
causes some of the glow to turn into brushes, and with increasing 
voltage all of the glow is converted into the uniformly spaced 
torm of brush discharge, Sometimes conditions can be ar¬ 
ranged so that the brushes appear one after another with ap¬ 
parently no change in the conditions. 

Series 5 Figs. 17 and 18, was taken to find, if possible, some 
definite relation between the number of brushes and the potential 
difference for a given pressure in the tube. The increase of 
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the number of brushes with the vulture and the regularity of 
spacing of the brushes is apparent. Photographs were taken 
at voltages where the distribution of brushes was most regular. 
For the highest voltages, the brushes wore in constant movement 
back and forth along a short path, and to secure a good pieluro 
it was necessary to make the time of exposure quite short, 

Fig. 10 is the characteristic curve for the currents amt voltages 
employed in Series f>. This graph shows the rate of increase 
of current with voltage to be very great at llie highest voltages 
employed. 

Pig. ‘20 shows the number of brushes as a fund ion of .the 
potential difference. In some of the photographs some of the 
brushes were seen to lie smaller Ilian the rest and for the plotting 



or I’otsntiai, IlimsttKwn--. 

No. nil II. & H, wins ill nlll tutiu{ lUfiiniitn Illl..'l iiiid.; wlio nr«u!lve. 

of the graph the estimated equivalent number of full-sized brushes 
was taken. Evidently the number of brushes is some well- 
defined function of.the potential difference, between the 
voltages nt which the arrangement of brushes was most regular, 
there seemed to be a transition period in which ( here were many 
little brushes in addition to the larger ones. An Increase of 
voltage would then produce a set of full-sized brushes. 

the lower curve of Fig. 20 gives the variation of the current 
per brush on the assumption that the total current is curried by 
the brushes. 

Fi'TKiT or Shout Aur iu-on UiseiiAimus 
Nature- of Ihc Phenomenon. .Series No. 2, Fig. 21, shows the 
ell'eet of a short are in series with the tube upon the diameter of 
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the positive and negative discharges for a constant pressure in 
the tube and an approximately constant difference of potential. 

I he typical quiet bluish positive discharge shown in No. 13 
is changed to No. 14, which is more brilliant, of a purple tinge 

and greater m diameter. In addition its boundaries seem more 
ragged. 

The typical discontinuous negative discharge has its character 
changed most markedly by the introduction of the arc. No. 
16 shows the changed discharge; it seems to be made up of 
two effects superimposed upon each other. The arc evidently 
sets up high-frequency oscillations in the circuit and an alternating 
effect is superimposed on the direct-current phenomenon. To 
test whether this theory was correct, the following experiment 
was tried: 

A two-mf. condenser was connected in parallel with the tube, 
and with the arc in circuit, a potential difference was impressed 
upon the tube of a value high enough to give corona. The ap¬ 
pearance was then as though there were no arc in the circuit, 
t he high-frequency component of the current prefers rather to 

take the path through the condenser than to go across the 
air gap. 

It took an appreciable time for the condenser to become fully 
charged and during this time occurred the evolution of the 
brush discharge from the continuous glow in the manner men¬ 
tioned above, except that the time of the process was prolonged. 

Upon disconnecting the charged apparatus from the source 
of potential, the discharge through the tube persisted for some 
seconds, due to the discharge of the condenser through it. As 
the voltage of the condenser fell, the number of the brushes 
became less and their brightness diminished until they van¬ 
ished. During this discharge, the brushes maintained quite a 
regular arrangement. 

By assuming fair values for the electrical constants of this 
discharge circuit, it is easy, to calculate that the discharge of 
the condenser must be of the continuous type. This being 
the case, it is evident that the negative discontinuous discharge 
7 must be essentially a direct-current phenomenon. 

It should be remarked that the values of current given for 
the cases where an arc is in circuit represent only the continuous 
components, since the galvanometer deflection is unaffected 
by the alternating components. There is hardly another 
phenomenon which shows so directly the difference between . 
positive and negative electricity as the foregoing illustrations 
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Nevertheless the question may be raised as to whether the 

in the dro'S iTc 1 ^ *° ^ 

the circuit. In order to make it clear that this is essentially 

a duect-cmrent phenomenon, there follow some experiments 

and arguments which support this view 

The appearance of the brushes and the current indicated 
by the galvanometer are constant for a given voltage, no matter 
what combination of machines is used as the source of po- 
tentia 1 . One of the sets may be used and the appearance of 
, P° s and the voltage and current noted. Then if the 
other set be useti to give the same voltage with a different 
number and speed of machines, the same results are obtained 
If theie were oscillations set up perhaps by sparking at the 
brushes, we would not expect this agreement £ 

du^fonTf T madC bef ° re ° f the effect of «« intro- 
auction of a condenser m parallel with the tube To test 

whether the current sent through the tube by the condense 

was Peifoimed. Ihe condenser was connected across the pos- 

Xn “I ^ *° '’h* 0 " ‘ he apparatus 

was connected through the water .resistance. Then a switch 

■ connecting the machines to the busbars was closed as was 

also a switch leading to the tube. The deflection of the gal 

vanometer was noted and the appearance of the brushes Then 

he generator switch was opened and the condenser dTscharaeS 

on r p OUg lM le and the galvanometer - After the switch was 

ofthedecre gal ™. n0m 1 eter deflectioa gradually decreased, the rate 
the decrease being slower and slower as the discharge proceeded 

' hnrsh Pemn ! ° f u XQ SWitCh CaUSed no Mediate change in the 
rushes, only the gradual change already noted That the 
discharge of the cotidpncipr r»M 0 t n , • J • Ulat tJle 

deflection of the be cont ^uous is shown by the 

uenection of the galvanometer and it can be further 

drieVfi 1 !? 1 calculation - Assuming the resistance of thfcylin 

tto a? “ 8,V “ by E/I “ o( values of £ and 

are best “oXtas 'X ^ ' 

° f °t *•*'**£ 
that the 

By running wires from the terminals of an induction coil 




















1602 


FARWELL: DIRECT-CURRENT CORONA [Nov. 13 

to the central wire and the tube and then adjusting the dis¬ 
charge points on the coil to such a distance that a silent dis¬ 
charge took place between them, it was possible to obtain an 
almost uniform hazy glow along the wire. But no effect could 
be obtained like the uniformly spaced brush discharge. 

It is well known that an arc is the source of electrical oscilla¬ 
tions and it has been shown by a previous figure that a short 
arc in series with the tube disturbs the brushes due to the 
direct current by the superposition of an alternating-current 
effect, so that the glow becomes more or less uniform and the 
difference in the appearance of the glow for different polarities 
becomes much less. So the introduction of an oscillatory 
current acts to suppress the isolated brush form of discharge 
and not to cause it. 

It should be stated here that Peek* by a stroboscopic method 
has also observed “more or less evenly spaced beads” on the 
negative wire when there was corona between parallel wires 
caused by an alternating difference of potential of 80,000 volts 
at atmospheric pressure. The wires used by Peek were 0.168 
cm. in diameter, spaced 12,7 cm. apart, 

Corona between Parallel Wires . 

Phenomena at Reduced Pressures. Two No. 34 wires 0.167 
mm. in diameter, were arranged parallel and two centimeters 
apart inside of a glass tube as shown in Fig. 22 and photographs 
were taken of the discharge between them at reduced pressures. 
The three lower illustrations of Fig, 22 show the typical isolated 
brush discharge on the negative wire with corresponding lum¬ 
inous section of the positive wire. The negative brashes had 
a brilliant nucleus with a fainter glow spreading out from it. 
For lower piessures than those for which the photographs were 
taken, the discharge became more brilliant; the brushes spread 
farthei apart and increased in size. Each section of positive 
glow was usually of uniform brilliance. But for compara¬ 
tively low pressures and high voltage, these positive sections 
became somewhat discontinuous, bright spots being mixed in 
with the uniform glow. 

The introduction of a short arc in series made a marked 
change in the nature of the discharge. Both wires were more 
or less completely covered with a nearly uniform glow and 
there was no longer any marke d difference between positive 
n'RANs. A, I. E, E„ 1012, Vol. XXXI, p. 1089, and Plate LVII. 
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and negative. The brilliancy of the discharge depended upon 
the fatness of the spark. With the arc in series, low pressures 
and a relatively high voltage, the discharge between the wires 
resembled a sheet of luminuous rain. An intermediate effect 
showed bluish streamers between the wires. 

It should be remarked that the values, of current given for the 
cases where an arc was used are only the continuous components 
of the current, 

Phenomena at Atmospheric Pressures, Two No. 36 wires 
were stretched over hard rubber bridges so as to be parallel and 
three centimeters’ apart and a characteristic test was obtained 
for the discharge between them. The dimensions of the wires, 

TABLE IX. 

Two Parallel No. 30 WJrea—G. 135 rant, diam., 30.2 cm, long and 3.0 cm. apart. 


Temperature 26.5 

Relative Humidity 43.0 per cent 

Barometric Pressure 740,0 


Potential Difference 

Deflection in mm, 

Shunt Factor 

Current in 10‘ 4 amp. 

6000 

0.3 

1.0 

0.000015 

0400 

0.5 

1.0 

0.000025 

0500 

Critical 

Voltage 


7000 

123.0 

1.0 

0.00034 

8000 

37.0 

12.832 

0.0241 

0000 

73.0 

12.832 

0.0488 

10000 

30.0 

128,32 

0. lOSGlow seta in 

12000 

10B.O 

128,32 

1.20 

14000 

40.0 

1283.2 

3.10 


F = 6.07 X 10*° amp. per mm. deflection, 


the atmospheric conditions and the data for a characteristic 
curve are given in Table IX. A sudden increase of the deflection 
of the galvanometer marked the critical voltage as in the case 
of former tests with wires in a cylindrical field. It was noted in 
this test that there was a considerable current flow between the 
wires before there was any indication of a glow. At 10,000 
volts, a flickering glow along the positive wire gave the first in¬ 
dication of a general glow. 

When the visible discharge was fairly started, it took the form 
of a uniform continuous glow along the positive wire and a fairly 
regular arrangement of brushes along the negative wire. This 
discharge was examined on a day when the humidity was con¬ 
siderably greater and it was noticed the negative discharge had 
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lost all appearance of a regular distribution and there was more 
of a continuous glow effect. 

It was noticed that the negative wire bowed in toward the 
positive and that the positive bowed away from the negative. 
This effect was noticed in one of the preliminary experiments 
with an influence machine. 

When the wires were purposely made rather slack in order 
to intensify the effect it was found that the positive wire vibrated 
strongly with a circular motion and that the negative was motion¬ 
less. If the polarity of the wires was reversed, the phenomenon 
levelsed also and it was still the positive wirerwhich vibrated. 

Exploration of Field between Parallel Wires. A glass tube 
with a platinum contact wire projecting axially from its tip 
was fixed into a wood block in such a manner that when the block 
was moved across a board beneath and parallel to the plane of 
the wires, tire platinum contact point moved in the plane of 
the wires. By means of a scale fixed across the board perpen¬ 
dicular to the direction of the wires, it was possible to set the 
contact point at any desired position between the wires. When 
the ground terminal of one of the electrostatic voltmeters was 
connected to the grounded negative wire and the high-tension 
terminal was connected to the contact point it was found that 
the voltmeter deflected when there was a current flow between 
the wires and the contact point was in tire neighborhood of the 
wires. So long as there was no current flow between the wires 
there was no deflection. 

Pigs. 23 and 24 show the curves for field distribution as 
plotted from the data, and also the distribution of the electro¬ 
static field between the wires as calculated from the formula 
for the electrostatic field on a line between the axes of parallel 
wires. If P denotes the point where the potential is desired, A 
and B the inverse points of tire circular sections of the wires and 
q represents the charge per unit length of one wire, the potential 
V at the point is given by 

V = — 2 e log ( AP/BP ) 

Sufficient accuracy was obtained for the purpose in hand 
by taking the inverse points as at the centers of the wires. 

An examination of the curves for the actual distribution of 
the field discloses the fact that there are large anode and cathode 
falls of potential, the anode fall of potential being the greater 
for the two lower potential differences. For these also the 
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actual field departs widely from the electrostatic. For the 
12,000-volt curves the actual and electrostatic fields become more 
alike. 

The field is distorted through ionization, because the positive 
ions are driven toward the negative wire and form a layer 
of positive electricity round about the negative wire. Hence 

there results a very large fall 
of potential around this wire. 
Around the positive wire there 
is an accumulation of negative 
electricity and hence there is 
a fall of potential here also. 
But the positive and negative 
ions are of different size and 
mobility, and therefore the 
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Pig. 23 —Distribution of the 
Potential between Two Parallel 
Wires 0.136 mm. in Diameter, 30 
mm. Apart 


io ei M . 

Pig, 24—Distribution of 
the Potential between Two 
Parallel Wires 0.062 mm. in 
Diameter, 30 mm. Apart 


distortion of the field about the positive wire is different from 
that around the negative wire. 

Notes on Test. At voltages a little above the critical voltage 
there is a noticeable lag of corona behind e.m.f,; in the extreme 
case this lag amounted to a second or so. Spots on the negative 
wire appear first, then the general glow, which appeared to move 
along the positive wire from the end leading to machines, 
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The negative glow is by far the brightest and is inclined toward a 
purple, while the positive glow is blue. With the high humidity, 
there was no regularity in spacing of brushes, and much contin¬ 
uous glow on the negative. 

An attempt was made to see whether after corona was formed 
and then the potential difference was lowered, below the critical 
value, the corona would persist. So far as could be determined 
the corona stopped when the critical voltage was reached! 

At 13,000 volts potential difference a marked electrical wind 
was noticed proceeding from the wires. It was strong enough to 
be noticed on the face when held a few inches from the wires. 

t this voltage, the negative wire was vibrating with a barely 
perceptible movement, while the vibration of the positive wire 
was excessive. And also at this voltage, the negative corona 


Pig. 25 

seemed in more rapid movement than before; the spots were mos 

vibrato? ° SC, atmg , back and forth - The positive wire wa 
vibrating in a circular path. 

*• *■£> - & ™ 

.. Iff was carried out in the Laboratory of Physic¬ 

al the University of Illinois under the direction of Dr Tukob 
Kune Assistant Professor of Physios. To Mm, topioiesw 
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Discussion on “The Corona Produced by Continuous Po¬ 
tentials” (Farwell), New York, November 13, 1914. 

L. W. Chubb: The author makes certain apologies about the 
paper, saying it is more of technical interest than commercial 
value, compared with the alternating-current corona, That 
may be so, but I believe there is a good deal of commercial value 
in the study of the direct potential in connection with electrical 
precipitation, and our fundamental study of the electron theory 
and effects of ionization. 

I think also the paper will stimulate a good deal of further 
work along this line, just as the first few papers on corona stimu¬ 
lated a great number of papers in the alternating-current work. 
There is too much in the paper to grasp or remember from read¬ 
ing it over once, but I think it is a very good paper for our records, 
I cannot read it without thinking of the various explanations 
which there may be for all the different phenomena he finds, some 
new, some not entirely new, but they have a very important 
connection with the work that is going on. 

The bowing of the two wires in the same direction is a signifi¬ 
cant condition that has been brought out; and the concentration 
of the corona into beads or regularly spaced brushes on the 
negative seems, in a way, to correspond to the negative spots 
in the mercury arc or gas arc—the nature, of course, is different, 
but there is a similarity. The glow on the positive corresponds 
in a way to the luminosity around an anode that is being bom¬ 
barded by the electron. 

A. E. Kennedy; I ask Mr. Peek if he can throw any light on 
the movement of one of the wires, mentioned on the last page, 
where the vibration seems to be rotary as distinguished from 
being simply to and fro. 

P. M. Lincoln: Some years ago Mr. Peek gave a formula for 
the loss due to corona, and that formula contained, as one of the 
factors, the frequency, I asked at the time why frequency should 
enter into a formula for the loss due to corona.’ It seemed to me 
that if it entered into this formula properly, then if we 
carried it down to zero frequency we would have zero 
loss, This paper this evening does not seem to indicate 
we have zero loss at zero frequency. What is the proper 
relation between frequency and loss? Perhaps Mr. Peek 
can answer that. 

Max von Recklinghausen: One of the phenomena 
mentioned in the paper of Mr. Farwell, reminds me of a 
phenomenon which appears in the mercury vapor arc, 
which has hardly been described, namely, the appear¬ 
ance of luminous beads on the positive electrode, They 
are easiest to distinguish in the lamp shown in the 
sketch, We have four distinct luminosity phenomena in 
such a lamp, namely, (1) the disintegrating point, at the negative 
pole, (2) the pink negative flame, (3) the luminous column, the 
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most typical light phenomenon in the mercury vapor - lamp, 
and finally (4) the pink bead phenomenon near the positive, 
This latter can only be seen under certain conditions of tempera¬ 
ture and vacuum, but just this phenomenon resembles vaguely 
the one described by Mr. Farwell. The number of beads will 
change rapidly with change of conditions. 

I want to say one thing regarding the corona loss, I would 
like it to be quite clear in our minds that economically this 
plays a very small part in a direct-current power transmission 
line. I mention this because I think it of importance that the 
smallest possible impediment should be thrown in the way of 
the development of high-tension' direct-current power trans¬ 
mission. r 

L. T. Robinson: When the papers on alternating-current 
corona were discussed June 27, 1913, (Trans. A. I. E. E., 
Vol. XXXII, p. 1810,) the fact was brought out at the 
meeting that the glow started a long time before the 
discharge started, and that we had there a rather satisfactory 
means, apparently, for the measurement of the high potential 
But here it appears that it is even better, that is, that this 
critical voltage appears to be a very sharp point, and we have the 
commencement of the large flow on the galvanometer a long time 
before the glow sets in. I simply call attention to the fact 
that there is a definite and sharply defined effect there which I 
thmlc could be put to some useful purpose. 

Selby Haar: I think it will be of great interest if Mr. Farwell 
will give a detailed description of the generators which he uses 
for producing this high voltage, and also state whether they were 
designed under his supervision or by commercial manufacturers, 
and furthermore tell us why the particular sizes which were 
selected were chosen. 


J r '’ selecting a conductor In transmission 
work it is of particular importance, from, the corona standpoint, 
to be able to predict the voltage at which loss starts. In general 
the operating voltage should be at or below the fair weather 
disruptive critical voltage. This paper tonight shows, as other 
papers have shown, that the starting voltage depends upon the 
maximum of the voltage wave. If the single-phase alternating 
critical voltage is 100 lev. effective for a sine wave, the continuous 
mtical voltage is 141 kv, for the same conductor arrangement. 

,< ie v )irnu j £ or sin £le-phase alternating effective voltage can 
™ us be used for direct current; it is simply necessary to multiply 

by V2 _ Watson’s investigations also show this. It means that 
in practise about 40 per cent higher continuous voltages may 
be used than with single-phase alternating current. Compared 
to three-phase alternating current, the difference is greater, 
fit is simply necessary to consider voltages to neutral.) This 
point in its favor, however, will not cause direct current to 
supersede alternating current in high-voltage transmission. 

1ms one advantage for direct current is still greater in solid 
dielectrics, as cables, In air and oil there is very little loss 
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until a certain definite voltage is reached. In solid dielectrics, 
loss starts as soon as voltage is applied and increases approxi¬ 
mately as the square of the applied voltage—the consequent 
heating reduces the strength of the insulation. There is thus a 
gain here for direct current. It is questionable, however, how 
far this may be made use of, as cables generally break down by 
abnormal or transient voltages, which take place in either 
alternating-current or direct-current circuits. One other advan¬ 
tage is the elimination of the large capacity current. 

In my 1912* paper, I gave the results of a stroboscopic study of 
alternating-current corona; that is, the corona was viewed 
through an instrument in which one could see the corona due to 
the positive half of the wave or due to the negative half of the 
wave. Photographic records were shown, It is very interesting 
to note that the positive corona, as shown by direct-current 
tests, is the same as the corona due to the positive half of the 
alternating-current wave; and vice versa, the same effects are 
observed for the corona on the negative half of the wave, If that 
paper is referred to, it will be seen that when the wires are very 
smooth and the negative half of the wave is observed, the 
negative corona first appears as a reddish crown around the 
wires. Finally, after operating a short time, the corona separates 
into more or less evenly spaced beads along the wires. In some 
cases, instead of taking the bead form it takes a spiral form. 
’Ihe positive corona is a bluish color and fits the wire surface 
very closely. With points, just the opposite effect occurs. The 
positive corona extends away out into a brush, whereas at the 
negative, there appears a red hot point. This difference is evi¬ 
dently due to the greater stress or higher gradient at the point, 
where new sources of ionization occur, perhaps from the metal 
itself. 

Mr. Farwell shows that, except for very small wires—wires 
smaller than one-tenth of a millimeter—the alternating-current 
formulas may be applied for starting voltage, temperature, pres¬ 
sure, etc. 

Dr. Kennqliy has noted the photograph of the wire rotating 
due to corona. The same effect is also obtained with alternating 
cuirent. In fact, by referring to my 1912 paper, it will be seen 
that in one case the wire is made to rotate as a whole, while in 
another, a node is formed in the center. For this particular case 
it is also a frequency meter. It shows on one half of the rotation 
negative corona and on the other half positive corona. It is 
tlius rotating at the frequency of the applied voltage. 

A. E. Kennedy: Does the spiraling action you mention ac¬ 
count for it? 

F. W. Peek, Jr.: I do not know. I first observed the vibra¬ 
tion of wires due to corona several years prior to the 1912 paper, 

I wo steel wires, each 500 feet long, were stretched between 
two transmission towers. The spacing was perhaps ten feet. 
these wires vibrated; one as a whole, and the o ther in three 

*Tkans, A. r. E. E.,Vol. XXXI, 1912, p. 1061 . “ 
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parts or with two nodes. The period was very slow, about sixty 
a minute. That vibration seemed to be back and forth, perhaps 
on account of the long span. It started when voltage in the 
neighborhood of 200 kv. was applied. The vibration was im¬ 
perceptible when the voltage was first applied, but the amplitude 
gradually increased until it seemed the wires would soon come 
together. 

Mr. Lincoln asks why, if there is a loss on direct current, the 
formula for the alternating-current loss indicates zero loss at 
zero frequency, 
thus 

p— a f (e— e 0 y (1) 

r 

There is a loss in direct current. For the same maximum voltage 
the direct-current loss is perhaps in the order of one-fourth the 
corresponding loss at 60 cycles, but for the same effective voltages 
the direct-current loss is very much less. . Zero frequency and 
direct current are not necessarily identical. 

The greater part of the alternating-current loss is a “ per 
cycle ” loss. There is, however, a small constant loss. The 
more complete equation is 

P = a i (/ + k) (e— e 0 ) 2 (2) 

Where the frequency does not vary greatly from GO cycles, (1) 
is more convenient to use in practical work; ( 2 ) is used over 
greater range, This equation was published more completely 
in my paper read, before the Franklin Institute* about a year ago, 
and it was also given in my discussionf at the A.I.E.E, Coopers- 
town convention. The complete formula can be found in the 
Journal of the Franklin Institute, 

I will speak briefly of another sort of corona. High-frequency 
corona, low-frequency corona, and direct-current corona have 
been discussed and are. covered by the formula for alternating- 
current corona. There is another sort of corona—the corona 
transients, of single impulses.. It takes energy and, therefore, a 
very small but definite time to start a spark or corona. For con¬ 
tinuously applied alternating or direct-current voltages the time 
is, relatively, practically unlimited. When the time is limited, 
however, as in a transient of steep wave front, or a single impulse 
of short duration, much higher voltages are required to produce 
the same effects, or to spark the same distance, than when 
the time is not limited. This applies not only to air, but 
also to oil and solid insulations, I have made such a study 
and find, for instance, for a given shape of impulse reach¬ 
ing its maximum in ' 4 qqq qqq- second, a certain needle gap 

* "High-Voltage Engineering,” Franklin Institute Journal, Deo. 1913. 
f Trans. A. I. E. E., 1913, Vol. XXXII, Part II, 1819, ‘ '" 
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in air requires approximately double the 60-cycle volt¬ 
age to spark over. For the same 'impulse reaching its 

maximum in "^qq qqq " second, the spark voltage is 25 per cent 

higher than the 60-cyele voltage, The time lag has in this way 
been accurately measured. For continuously applied alterna¬ 
ting or direct-current voltages the initial ionization, within reason¬ 
able limits, has no effect on the corona starting voltage. For 
single impulses the effect may sometimes be appreciable. 

S. P. Farwell: The generators used were at hand in the E. E. 
Department of the University of Illinois. They liad been 
constructed without my supervision by the manufacturing 
company. I acknowledged in the paper the fact that F. W. 
Peek was the first to record beads along the negative wire in the 
alternating-current corona, As has been mentioned, the in¬ 
vestigation has opened a number of new questions and further 
experimental and theoretical researches are in progress in the 
University of Illinois. The theories so far advanced cannot 
account for the large variety of phenomena in the corona, 
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GRAPHIC METHOD FOR SPEED-TIME AND DISTANCE¬ 
TIME CURVES 

BY E. C. WOODRUFF 
-- 

Abstract of Pater 

The paper presents a very simple method for obtaining speed¬ 
time and distance-time curves, which avoids the usual step-by- 
step process with its tedious calculations. The method consists 
of plotting certain so-called " service characteristics ” upon the 
diagram of motor characteristics with the speed-current and trac¬ 
tion-current curves. The time and distance increments corre¬ 
sponding to assumed speed increments are found by simple di¬ 
vider operations. 

T HE FOLLOWING method for obtaining speed-time and 
distance-time curves is a modification of that brought out 
by Mailloux in 1902. It is believed to possess certain merits of 
simplicity, speed, and directness that may make it of interest, 
It has proved of especial value in teaching the plotting of 
these curves to engineering students. Students that have 
struggled with the usual step-by-step process, involving rather 
long and tedious calculations, or with graphic methods that re¬ 
quire the use of many sets of curves on several sheets, seem to 
acquire a newinterest in the subject when this method is proposed. 

Briefly, the method consists in drawing on the sheet of motor 
characteristics besides the speed-current and traction-current 
curves, certain so-called “ service characteristics ” as shown in 
Pig. 1 and explained below. From these curves, time and dis¬ 
tance increments corresponding to assumed speed increments 
are found by a few simple divider operations. To avoid confusion, 
on one of the sheets are placed the motor and service curves for a 
limited number of load conditions, perhaps for a motor car with 
and without a trailer, new sheets being readily made for wider 
variations in train make-up or in motor equipment. 

The make-up of a sheet of curves is as follows: Motor speed- 
current and traction-current curves are plotted to as large a 
scale as possible from the records of tests. To the same scale 
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is plotted the train resistance-speed curve, /, from Armstrong's 

formula,/ = W' j + 0.03 V + 0.002 V 2 a (1 + 0.1 [JV— lj) 

wherein W is the weight of the whole train in tons, while W is 
the load in tons per motor, Horizontal lines are drawn, such as 
g, whose constant ordinates are the pounds-traction required for 
various grades and curves for W tons per motor. Using the 
upper right-hand corner as a second origin, net traction is plotted 



Pig. 1 

downward against time increments plotted to the left, using the 
same scale as for the traction-current curve. This gives one or 
more hyperbolas whose equations are T„ X A / = A v X 100 TP, 
wherein T„ is net traction, A t is a time increment, W' 
is the tons per motor, 100 is a constant including 91.1 plus an 
allowance for the energy of the rotating parts, and A V is a speed 
increment, constant for each hyperbola. Prom the same corner 
are drawn a series of radii intercepting equal distances on the 
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vertical lines. These radii, labelled 1, 2, 3, etc., are lines of aver¬ 
age velocity, a scale of corresponding distance increments run¬ 
ning downward from the corner at the right. This distance scale 
is so selected that projection vertically from some time division, 
such as 5, to a radius, such as IS, and then horizontally to the 
distance scale, will indicate the distance travelled,in thi$ case 110 
feet, during the selected time interval at the indicated average 
velocity. 

To use the curves on the motor sheet, Fig. 1, to obtain the car 
characteristics curves, Fig. 2, proceed as follows: The points on 



seconds 


Fro. 2 

the curves of Fig. 2 that mark the end of running on control 
(Vu T 1)1 {Du Ti), are found in the usual way from initial assump¬ 
tions. To find the point ( V 2 , Th) on the speed-time curve, as¬ 
sume A V -2 = (7?. — Fi). On the mi-per-hr. scale at the left 
of the motor sheet, find the division representing the average 
speed, (Vt + Fi) + 2. Project horizontally to the speed- 
current curve and from there vertically to the traction-current 
curve. Set one divider point on the traction-current curve and 
the other on the train resistance curve, /, in the same vertical 
line. Increase or decrease the divider setting by the ordinates 
of the proper grade and curve lines if necessary. Slide one di- 
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vicler point along the axis of time increments at the upper edge 

of sheet, keeping the points in the same vertical line, until the 

other point intersects the hyperbola whose constant was the 

assumed speed increment. Then the first divider point indicates 

the time increment, A and the second point on the speed-curve 

is determined, Drop vertically from the division A Ti on the 

time increment scale to the radius labelled with the average 

speed, (Vt + Fi) — 2 and read the corresponding distance 

increment on the scale to the right. Proceed thus for successive ! 

points on the car curves, changing the assumed speed increment ] 

as desired to gam accuracy. For example, if the coordinates of the 

point ( V lt I\) that terminates linear acceleration are 12.5 ! 

mi. per hr. and 8 sec., and 1 mi. per hr, is the first assumed 

speed increment, 13 mi. per hr. is the average speed and the 

dotted lines and arrows in Fig. 1 show the proper projections. 

A-B is the divider setting for net traction for a level tangent track 
at 13 mi. per hr. This would become A -B less C-D for a 1 per 
cent grade. A-B transferred to the hyperbola, AF = 1 coin¬ 
cides with A'-B’. Then at A> is read 0.8 sec., and the dotted * 

projection from A' shows at E that the distance traveled during ! 

0.8 sec. was 15 feet. 

On the motor sheet may be drawn as many train resistance, 
giade, and curve lines, and as many hyperbolas for different tons 
load per motor, as desired. It seems best, however, to limit the 
curves on one motor sheet to those for only two different motor 
loads, such as motor car with and without trailer, one- and two-car 
trains, etc., and to draw new sheets for widely separate classes | 

of service. The labor involved in getting ready for the graphical 
woik is so slight that the method saves time and trouble even j 

when one has to plot but a single speed-time curve for a partic¬ 
ular motor load. s 
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Discussion on 11 Graphic Method for Speed-Time and 
Distance-Time Curves” (Woodruff), New York, Nov¬ 
ember 13, 1914. 

Selby Haar: In looking over this paper the thought occurred 
to me that since it is a graphical method it is open to the objec¬ 
tion to most graphical methods, namely, one must be very 
careful in the construction if the results are to be used for any¬ 
thing more than demonstration purposes. These methods are 
quite frequently used, not so much in railway work as in some 
other branches of the electrical industry, for obtaining guaran¬ 
tees to be used in contracts, and I have found that they cannot 
be relied upon closely enough for such purposes. 

C. O, Mailloux: The subject of Prof. Woodruffs paper is 
of special interest to me as a pioneer in that line of technical 
work. I am the author of the paper (“ Notes on the Plotting 
of Speed-Time Curves”),* published in 1902, to which reference 
is made in the paper under discussion. 

. ^e ar l °f making and using speed-time curves was not old 
in 1902, when my paper was written, for, as stated in the paper, 
the first time that speed-time curves appear to have been used 
in the technical study of railway traction problems was in 
January, 1898, when they were used by Mr. S. T. Dodd and 
myself in an engineering study of and report upon the electri¬ 
fication of the Manhattan Elevated Railway, made by us at 
that time^ The first methods of plotting the curves were crude 
and laborious, and much time and patience were required to 
obtain practical results. Very little progress was made until 
1900, when the subject was taken up again by me in connec¬ 
tion with the technical study of certain electric taction pro¬ 
jects. _ The 1902 paper was written after working nearly two 
years in devising and applying methods of predetermination in 
electric traction problems, The paper, besides giving a rather 
comprehensive general discussion of the fundamental principles 
and considerations involved from the physical and analytical 
standpoints, sets forth different graphical and other methods 
which had been devised and which had been used with satis¬ 
factory results, at that time, for plotting speed-time curves and 
the various other curves, especially those of train power, and 
energy, etc., designated in the paper as “ subsidiary ” curves. 
That paper was the first publication of any kind on the subject, 
and it remained, for somC' years, the only printed reference to 
it. Although it was a fairly complete rdsumd of the subject 
for its time twelve years ago—it does not and could not, of 
course, set forth the developments and modifications which have 
become known since that time, For nearly ten years after 
the paper was presented, I continued to use and to develop 
graphical and other methods of predetermination in connec¬ 
tion with electric traction problems. Considerable publicity 

*Trans, A. I. E, E„ 1002, Vol. XIX, p. 001. 
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was given by me to these later developments in courses of lec¬ 
tures delivered each year during that period at different en- 
gmeering schools, and also in some lectures delivered in Europe, 
Many efforts have been made to find analytical methods of 
predetermination which will render unnecessary the plotting 
of curves of train-motion, train-power, energy, etc., as a function 
of time 01 distance, The difficulties to be overcome in order 
to accomplish this were mentioned by me in the discussion of 
Mt. F. W. Carters A. I, E. E. paper (“Predetermination in 
Railway Work ), m 1903. I have, several times since then, 
had hopes of success, which were all, however, followed by 
disappointments; and so these curves still have to be plotted 
point by point," by the aid of graphical methods like those 
described m my paper or by modifications of {hem. 

The aim of all the methods and of their modifications is the 
same, namely, to reduce the amount of time and work required 



Fig. 1 


to plot the curves. Now the part of the work that is most dif¬ 
ficult and that requires the most time, is the determination of 
the proper precise point at which each portion of a curve ends 
and the succeeding portion begins, There are many conditions 
r • 1:1 cipat e cL and to be taken into consideration as causes 

of incidental or of necessary variation of the speed of a train 
or a car in a given “run" between two stations. At one point 
there ma,y be up-grades which limit the speed attainable; at 
other points, down-grades, _ which would make the speed rise 
’ • an< ^ °^ et " P°i n ts, curves, crossings and bridges 
which limit the speed allowable. In order to deal properly with 
all these independent variables, it is necessary to subdivide 
the total distance of ’a run between two stops into as many 
portions as there are changes in road and service conditions in 
that run. Take, by way of illustration, a simple run in which 
■there are a few changes of conditions (Pig. 1). In the first 
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portion, A, the car, as it starts, runs on a down-grade of 1.34 
per cent for a distance of 0.036 mile; it then comes to a portion, 
5,0.071 mile long, where the down-grade increases to 1.47 
per cent, which causes the acceleration to increase instead of 
diminishing; after that it comes to a portion, C, 0.101 mile 
long, on which there is an up-grade of 0.93 per cent; on the next 
portion, D, 0.067 mile long, there is an up-grade of 1.23 per 
cent, and a curve of 5 degrees; the power is shut off and the car 
is allowed to coast so as to reduce the speed; on the last portion, 
E, 0.071 mile long, the up-grade reduces to 0.13 per cent, and 
the car can continue to coast with less retardation than on the 
previous portion, because the road is nearly level, until the point 
is reached, E', where the brakes must be applied to bring the 
car to a stop. 1'he great difficulty, the time-consuming process, 
comes, as I already said, in finding where to cut these portions 
of a run, A, J3, C, D, E, E\ and in joining them properly to- 
> gether, The diagram, when completed, (and, by the way, 
I prefer the term "velocity-time diagram," or else “ V-T- 
graph " to “ speed-time curve ”), must satisfy an important 
mathematical condition, which is, that the area corresponding 
to any time-interval whatever between the beginning and the 
end of the run must be in definite and precise proportion to 
the distance passed over during that time-interval. This con¬ 
dition is expressed symbolically by a definite time-integral, 
thus: 

5 - K J vdt 

t 

where S = the distance passed over in the time-interval t—t r 
v = the velocity or speed at any instant of time, t. 

K — a constant depending upon the scale of the diagram 
and the. units of measurement employed for ve¬ 
locity, time, and distance, 

= where L — a “ scale-factor " 

. Now this expression is nothing more nor less than the equa¬ 
tion of the so-called “ distance-lime curve.” The quantity in¬ 
dicated by this definite integral is nothing more than the area 
of the diagram or portion thereof comprised in the time-interval 
t~t , whether this, time-interval be that of the whole run, or 
of any portion of it. The distance-time graph (which may be 
also termed " space-time ” or “ S-T ” graph) plays a controlling 
role in the construction of the V-T graph. Indeed, the V-T 
graph could not be made accurately, if at all, without the in¬ 
formation which the S-T graph alone can furnish, Unfortu¬ 
nately, the construction of the S-T graph .requires the use of 
some method of integration, either mechanical or graphical, 
and this is the very part of the whole work which almost every- 
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body has found most difficult and tedious. The reason for 
saying almost ” everybody will be given presently. Those 
who sought to remove the difficulties soon realized that it was 
n ° i ?? SS1 i C ^° awa 7 altogether with the distance-time graph 
and that the most which they could hope to accomplish was to 
make a simpler and cruder form of S-T graph answer the purpose, 
the characteristic and seemingly novel feature of the paper 
pi esented this evening is an effort in this direction. * 

As the method of plotting described in this paper is an off¬ 
spring of the ideas and methods set forth in my 1902 paper 
we may begin by considering the points of resemblance and of 
difference between them. 

„ W . e first refer to and compare the means used for finding 

points in the V-T graph, for plotting that graph; and we 
will then compare the means for finding the distances corres¬ 
ponding to the different time-points in the V-T graph 
Those who are familiar with this subject, and with the use 
of the charts of / Coefficients " and of " Reciprocals,” described 
and illustrated in my 1002 paper (Figs. 9 and 10), will easily 
see that the^ same principles are utilized in the construction of 
the chart shown m Fig. 1 of this paper. The theory of this 
portion of the method, is the same in both cases. There are 
some modifications in details, which presumably were intended 
as improvements. Two of these deserve mention The first 
one consists in drawing the curves of reciprocals (hyperbolas) 
on the same chart as the curves of tractive efforts correspond¬ 
ing to motor-power, grades, train-resistance, instead of drawing 
them on a separate chart, as recommended in my paper This 
it happens, is just what I did myself at first. I soon found, how¬ 
ever, as others surely would, when working continuously for 
weeks and months at a time, in plotting V-T and other time- 
tunction graphs of tram-motion, that while one may need and 
may have to prepare many dozens of different charts of tractive 
enorts and acceleration coefficients to serve for different 
motors gear-ratios, voltages, train-weights, etc., and also for 
miterent service-conditions, one single set of hyperbolas (“re¬ 
ciprocals ), on a separate sheet, will suffice and will serve per- 
tectly well for all the charts of coefficients, and even for several 
persons working on this kind of work; and that, consequently, 
the reproduction of the hyperbolas on every chart is a pure 
waste of time and effort. 

In passing, I may say that the idea of “ lumping in " the 
kinetic energy due to rotative parts by using 100 instead of 91.1 
as a constant, is not to be Recommended for accurate work, in 
view of the fact that this kinetic energy is never constant, and 
may have values ranging between 3 per cent and 11 per cent, 
it is better, m my opinion, to make the correction for rotational 
metic energy separately, and to make it correctly, for each case, 
especially as R can be done very easily indeed on a “ Chart of 
Coefficients made as shown in Fig. 9 of my paper, by the 
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addition of one line. The second modification consists in 
1 eplacmg the curve of tractive effort as a function of the speed 
(curve M in Fig. 9 of my 1902 paper) by two other curves, one 
giving the speed, the other the tractive effort, as a function of 
the current. Now, it is precisely from these two curves (which 
are shown in. Fig. 5 of my paper) that the curve in Fig. 9 of my 
paper is derived; and these two curves, as used in the method 
described in the paper before us, serve identically the same pur¬ 
pose, namely, to give the tractive effort as a function of the speed. 
lienee, there is really no difference in the fundamental principle, 
t he theory remains exactly the same; only, in my case, the work 
ol obtaining from the two curves in question the values of the 
tractive efforts as a function of the speed is performed at'the out¬ 
set, once foi all.*’ The curve of these values, which is, by the way, 
a very important and useful curve, is plotted on the chart itself; 
whereas the author of the paper has to obtain the values of trac- 
r ft eH: £. r L“ oin two current-function curves for each point 
ol the V-I curve, which makes the work of using the chart and 
the chances of error both greater. There are at least two prac¬ 
tical objections to the innovation; first, two distances have to 
be measured, one horizontally, the other vertically, to obtain 
the value of gross tractive effort corresponding to any speed 
Pi 1°)' subtracting the loss due to train-resistance and up¬ 

grades, or to adding the gain due to down-grades (an operation 
which lequues still other measurements, and, consequently, 
introduces more possibilities of error), whereas the curve M of 
the^ chart of coefficients (Fig. 9 of my paper) not only gives the 
desired values directly for all speeds so they can be read off 
without dividers, but it even enables the sum or difference of 
the tractive efforts in question to be read off or measured directly 
at one operation; second, it is not possible with the chart shown 
m Fig. 1 of this paper to determine at a glance, as can lie done 
so easily by means of the chart shown in Fig. 9 of my paper, the 
point of zero acceleration, and, consequently, the maximum 
speed attainable under any and all conditions of grades and 
train-resistance, also to determine the acceleration or retardation 
which will occur on any given grades, etc., and to answer various 
other questions which the chart of coefficients can answer readily 
and accurately by the curve M and the curve N (net tractive 
effort) as shown in my paper. The fact is that the curves M 
and N give an actual graphical representation of quantities 
which are of immediate interest and importance, namely, the 
gross and net ” tractive efforts as a function of the speed; 
whereas the two curves from which the curve M is derived give 
giaplucal lepresentations of functions which are not of immediate 
but only of remote or incidental interest. In addition to this, 
the use-of the curves M and N makes the operation of finding 
the points for plotting the V-T graph simple and more accurate 
than the method represented in Fig. 1 of the paper. The prac¬ 
tical value of the modifications just considered does not, therefore, 
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appear to be obvious. To me it appears, on the contrary, quite 
doubtful. 

A word of caution may be added here about taking train- 
resistance formulas at their “ face value ", or without discount 
or comment. Experience has demonstrated long ago that “ cir¬ 
cumstances alter cases” very greatly in train-resistance; and 
that the formulas often require considerable change in form 
and in coefficients to make them suitable for different cases. A 
glance at the formulas mentioned in the paper shows readily to 
an experienced, person that it is best suited for interurban lines 
running at high speeds on first-class tracks, and wholly unsuited 
for lighter cars or trains run at lower speeds, on city tracks. In 
practise it is necessary to use several curves of train-resistance 
for the same motor-equipment per car or pel train. Several 
sets of curves of tractive efforts and train-resistance may be 
drawn on the same chart. I have drawn as many as eight sets 
on the same chart of coefficients; but, as a rule, it is not desirable 
to put more than two or three sets on the same chart. It is 
better to make new charts, which is a very simple matter when 
blank charts are prepared beforehand, as recommended in my 
paper, 

The portions of the chart shown in Fig. 1, so far considered, 
relate to the proc’ess by which speed-time curves (or' V-T graphs) 
are plotted by a “ point-by-point ” process. In summing up 
what has been accomplished in connection with this portion of 
the subject in the last thirteen years, I feel quite warranted in 
making the statement that all the methods of “ point-by-point ” 
plotting of V-T graphs which have proved satisfactory and 
practical are based upon and embody the ideas and the essential 
features set forth in my 1902 paper. At any rate, although I' 
have kept in close touch with this work, I have yet to learn of a 
successful method which is not patterned on the lines therein 
suggested; and, usually, the modifications, if any were made, 
were not of material importance or advantage. Most of those 
who have done work and who have written on this subject have 
acknowledged the original source of the ideas and features 
adopted. In other cases there has been a seemingly studied 
silence on that score; and I have had the interesting experience 
of seeing my own methods, with practically no modification or 
disguise, explained to me by persons, who had learned about them 
m_Germany and .believed that they had—in fact must have—- 
originated there. It was a case inhere the label “ Made in Ger¬ 
many ” should have read “ Copied in Germany, from the original 
American model 

We come now to the operation of cutting off V-T graphs, or 
portions thereof, at the proper time-points. We find here a 
marked divergence in views and in methods. The. methods 
aescubed in my 1902 paper involve the accurate mechanical 
integration of the actual V-T graph, and the drawing of its 
integral-graph the distance-time graph—which is represented 
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by the equation to which reference was made a few moments ago, 
The method shown in Fig. 1 of the present paper aims to obtain 
the time-points of distances by a process of graphical integration 
of a modified, and simplified V-T graph, in which the instan¬ 
taneous velocities during a certain time-interval are replaced by 
an “ average ” velocity for that time-interval. 

While this part of the work, as already stated, has been found 
very difficult and tedious by almost everybody, yet, paradoxical 
as.it may seem, it is regarded by others, including myself, as 
being the easiest and most interesting part of the whole work. 
The explanation of this difference is simple enough. It is the 
difference, merely, between, on the one hand, trying to dodge 
or shirk the task of performing an operation of integration, and, 
on the other hand, making arrangements to do it very accurately 
while doing it. easily and quickly.—it amounts to a question of the 
facilities available for the mechanical integration of the V-T 
. graph, and for drawing its integral line—the distance-time graph. 
Where the proper integrating facilities are available, there cannot 
be the least doubt that the most accurate, as well as the easiest 
and quickest method of finding the definite time-points which 
correspond to given and determinate distances in V-T graphs 
is by drawing the integral lines of these V-T graphs and by mak¬ 
ing use of them in the manner set forth in my 1902 paper. All 
those who have done the work or who have seen it done in the 
proper manner by this method, understand fully why the work 
is both easy and interesting, and why the method is both rapid 
and.accurate; and they also can see the drawbacks and diffi¬ 
culties of all methods which aim to simplify.the integral-line of 
the V-T graph or to avoid drawing it. 

I realized at the outset, in entering upon this work, the im¬ 
portance of haying at hand a satisfactory integrating apparatus 
by whose aid integral lines could be obtained quickly and ac¬ 
curately. Fortunately, such an apparatus was already available 
m the form of an integrating instrument called the “ integraph ” 
which,, as stated in my 1902 paper, “ in addition to giving the 
numerical lesults of the integration, actually shows the steps 
of integration graphically by drawing the so-called 'integral' 
line . The time required to draw, with an integraph, the in¬ 
tegral line corresponding to any area is‘ no greater than that 
i equired to follow with the tracing point of the instrument the 
outline of the diagram to be integrated. The " scale ” of the 
integral line can be as easily varied as the “scale " of a planimeter, 
so that it is easy to adapt the area-units exactly to any co- 
ordinate paper, and even to make corrections for the difference 
in various, papers due to shrinkage, humidity, etc. The in¬ 
tegraph is m every sense.an instrument of precision as well as a 
*T eat . labor saving device, of the highest value in work 

of this land. In one series of predeterminations made under my 
direction, covering a period of about six months, one integraph 
saved over ten times its cost, and greatly shortened the time 
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th i w j rk| bes ‘ des addln S very greatly to the pre- 

, r ^ T°ft d0n f’ ^ 15 by the aid of this wonderful in- 

strument that the otherwise difficult and tedious tasks are 

ihnf e tn d 6aSy ai lf mterest,n g. lt is important to bear in mind 
that there are other integrations to be performed besides that 

°. o tbe \ T f a P h ' for which the integraph can be also used to 
advant f ge -, As “ weh known, the V-T graph itself is, in 

fnli ™ T hat might b . e termed the foundation and scaf- 

dmg fox the structures which are of real importance and sig- 
nfficance, namely, the “subsidiary ” curves, like those of current 
power input, energy, etc. Now the energy-time curve, 
representing kw-hours,_ is the integral curve of the power-time 

qhnIm I 'nn I i e u entln8: kw - m P at - In . Fi 8' 5 the energy-time curve, 
n tb< ? u PPf r P art °f the diagram, was drawn directly by 
the integraph by the integration of the kw-input curve which is 
shown on the lower part of the diagram. The curve was drawn 
m a few minutes, whereas it would have required several hours 

Sam l i Urve hy - any other Process of integration, 
with pi obably much less precision. The utility of the integraph 
does not end here by any means. For determining, from the 
current-input curve, the equivalent " heating “ current, or the 
l.m.s. value, it is a most valuable labor-saving appliance. The 

manner in which the integraph is employed for such predeter- 

be f ° und desciibedina special paper on thatsubject, 
presented by me at the lurm Electrical Congress in 1911 (see 
Proceedings of Turin Electrical Congress, II, pp, 990-1016). 
A graduate-student who attended one of my courses of lectures 
and of drafting-room instruction and exercises in predeter- 

the 1 errn th b 2 !° f the late ? ra P h - informed me at the end of 

bettlTwni u h h t d don . e . easiI y m less than two weeks more and 
soiS he , bad bean able to do in about two months 

some time before, while employed on the same kind of work in 

the railway engineering department of one of the large com- 
. Tbl ? ls a fair sample of the results which indicate that 
sort thG cheapest. ^ Usually those who have this 

sort of woik to do have enough of it to make it economical to use 
an integraph as a time and labor saving device, besides improving 
the quality and precision of the work done S 

showth* S T S0Ine ' specimens of V-T and other graphs that 
f T° rk , d0 , n ? by 111 y mefc hods with, of course, the 
aid of the mtegi aph, which I consider indispensable for high-grade 
work; I also have some diagrams specially prepared to illustrate 
cei tain points m the comparison of different methods. 

. . . 1 hrst show how easily the operation of cutting off and 

joining portions of a V-T graph can be performed by the aid of 
the integral-graphs drawn by the integraph. I will describe the 
piocess whereb y the different portions (A, B, C . E') 

ot the V-T graph already referred to (Fig. 1) were constructed 
and joined together. Fig. 2 shows the details of construction 
tor portion A only, Fig. 3 shows the details for all the portions. 
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Starting with portion A, the first step was to find the co¬ 
ordinates of a certain number of points for this portion of the 
graph. This was done by the use of charts of “ coefficients ” 
and of “ reciprocals ” in the manner described in my paper. The 
diagram of acceleration and retardation coefficients used must, 
of course, be that suited for the particular motpr-equipment 
and service-conditions of the case; and it must be specially 
prepared when not already “ in stock ”, In an office where much 
of this work is done, the stock of graphs of acceleration and re¬ 
tardation coefficients is being constantly increased by additions 
made from time to time to meet new conditions and require¬ 
ments, such as changes in type and size of motors, or in h.p. and 
tractive effort available per ton of 
train, also changes in gear-ratio, 20 
voltage, etc., and changes in train- 
resistance due to difference in track 
conditions, length and weight of train, 
etc. If all the charts of coefficients 
prepared are preserved they consti- | 
tute, in time, a large assortment of £ 
charts covering a great range of con- j 
ditions and requirements. As already s 
stated, only one chart of reciprocals 1 
is necessary for any and all the 
charts of coefficients, provided the 
latter are all made to the same scale. 

Using a chart containing the proper 
curves of acceleration and retardation 
coefficients, i.e., the proper curves of 
motor tractive efforts and train re- * 
sistance as a function of the speed, ‘jjo.os 
and proceeding in the simple manner fo.w 
explained in my paper, the co- a™ 4 
ordinates for the initial portion of a 002 
V-T graph are then found for portion 
A, which, as the data given on the p IG 2 

diagrams indicate, (Pigs. 1 and 3) is 

on a 11 down ” grade of 1,34 per cent, While each point may 
be plotted from its co-ordinates as soon as these are obtained, 
it saves time to defer doing it until the co-ordinates for a 


10 IS t, so 


number of points have been obtained, When several per¬ 
sons are employed on the same work, one may find the co-or¬ 
dinates while another plots the graphs. The points for which 
co-ordinates were obtained in this case are indicated by small 
circles. The co-ordinates are determined so easily and so rapidly 
that there is no objection to plotting the graph considerably 
beyond the point at which a rough estimate indicates that the 
portion will end. The V-T graph for the portion A was plotted 
only a short distance beyond the right point a in Fig. 2, but a 
considerable distance beyond that point, b , in Fig, 6. 
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After a portion of V-T graph of more than sufficient length 
has been plotted and drawn, in pencil, the next step is to find the 
point a , at which the portion A ends. We begin by adjusting 
the integraph to the desired scale, so as to obtain an integraL 
line whose ordinate at any time-point, when measured by a 
scale, will give the exact distance covered, up to that point. 
When the same co-ordinate paper has already been used, and the 
scale-factor for the integraph is known, the adjustment can be 
made directly. When the scale-factor is not known, the proper 
adjustment may be obtained by drawing, a number of times, 
the integral curve for a certain definite area ot V-T graph cor¬ 
responding to an exact distance, and varying, each time, the 
adjustment, until an integral graph is obtained of the exact scale 
desired. In Figs. 2 and 3 the scale used for ordinates was 1 mi. 
per hr. = 0,2 in., and the scale used for abscissas was 1 sec, = 
0.1 in. A distance of 1 mile corresponds to a velocity of 1 mile 
maintained during one hour (3600 mi-sec.), and this would 
correspond on the V-T graph to an area of 0.2 X 0.1 X 3600 = 
72 sq. in. The same area, for a velocity of 18 mi, per hr., or an 
ordinate height of 3,6 in.,_ would correspond to an abscissa value 
of 200 sec. or 20 in. Taking a distance of 0.1 mile and a velocity 
of 18 mi. per hr., the time required is 20 sec. The scale of dis¬ 
tance adopted in Fig. 2 and 3 was 1.25 in. = 0.1 mile; hence 
the integraph required to be adjusted so as to draw an integral 
line whose ordinate at t' = 20 sec., is = 1.25 in,, when the area 
integrated is exactly 7.2 sq. in. The scale-factor should there- 

7 2 

fore be = ~ This means that in the equation 


S - K 



i 


r 

vdt 


when S = 1.25 and V and T are both expressed in inches, then 



^ ^e co-ordinate paper used is accurately 


divided^ and requires no correction. In most cases some cor¬ 
rection is required, as the co-ordinate paper or tracing cloth used 
is seldom exactly right; and the precise values of K will be either 
greater or smaller than the theoretical value, 

_ In Fig. 2 the inclined right line 0 S in the lower part of the 
diagram is the integral line or graph which was drawn by the 
integraph when its tracing point was moved, in the upper part 
of the diagram,^ along the lines 0-18, 18-/1 and A-20, which 
represent a V-T graph of constant velocity = 18 mi. per hr., 
and when the scale-factor L of the instrument was exactly right 
for the co-ordinate paper used. The ordinate of this integral 
line at V = 20 is exactly equal to 0.1 mile by the scale of dis¬ 
tance. The V-T graph of constant velocity = 9 mi, per hr,, 
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gives an integral line OS' of half the slope of OS. The inclined 
lines Om and On show integral lines obtained instead of OS 
when the scale-factor, L, was respectively lower and higher than 
the correct value. As it only requires the movement of an 
adjusting, screw to change the scale-factor and to draw a new 
integral line, the correct value of L can always be found very 
readily The time required to make the adjustment is less 
than that required to describe it. In practise, the adjustment 
often remains unchanged for days and weeks at a time. After 
the instrument has been properly set for the paper and the scales 
employed, the next step is to integrate the actual V-T graph 
Oab (Fig. 2), and obtain its integral graph Oxy. Having done 
this, a horizontal line is drawn through the,integral-graph at 
the ordinate height corresponding to the actual distance of 
portion A of the run, which is 0.036 mile. The abscissa of 
the point a , at which the horizontal line intersects the in¬ 
tegral-line, represents the time at which portion A of the run 
ends; and a vertical line a'-a drawn through a' will cut off 
r V :t gra E h exactly at the end of portion A. The process 
of cutting oft. the portion A is seen more clearly in Fig 3 in 

sarv 0? r he Ti° nly v ^ ktegrei-gwph actually neces- 

moments’ d rhe whole °P eratlon only requires a few 

The next step is to obtain the co-ordinates for a number of 
points for plotting the. second portion B of the V-T granh 
The process for obtaining the co-ordinates is substantially the 
same as for portion A. In this case the up-grade increases to 
1.47 per cent, and the distance is 0.071 mile. We can start 
curve anywhere on the sheet, beginning with a 
speed that is somewhat under the speed at the end of the nor 

values frmn°the n r° f t F “ r g \ &vh - is then P lotted > counting time- 
\aiues tiom the first speed-point used. The oortion ft nc 

shown m Fig 3 begins with the speed of 1.2.3 mf per hr and 

33?eSsr After t P h ed ° f t 19 , mi ’ P er hiv is attained (in about 
ad seconds;. Aftei the points have been plotted, and the granh 

S3 

corHnii k +1 ' speed, and the starting points' of 

nf a ' ai /i, 1 ea sily found by the very simple ooerntion 

a lel S n fi lhr °“ !!h f*. “ d ° £ A, at “a “toe p£° 

toktaS^t fSS "integral- 
representing the distaTce-timfcurve for p^iont^lS 
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the “ upper limit ” of the integration required, a line parallel 
with the time-axis is drawn through the point b', and from this 
line as a base a vertical distance is marked off, equal, by the 
scale of distance, to the actual distance for portion B\ and an¬ 
other line drawn parallel with the time-axis through the upper 
part of the distance just marked off, intersects the integral- 
graph at the point c' corresponding to the “ upper limit." 
A vertical line c'-c, drawn upward from c', to intersect the 
V-T graph, cuts it off at the proper ending point c. The 
portion b-c is all that is needed for portion B of the V-T graph. 
If desired, the useful portion can now be shifted to the left, so 
as to bring the point b on the point a, thereby joining the por¬ 
tions A and B together. All that is necessary is to transfer 
the plotted points of portion B to the left by means of dividers 
to a distance equal to a-b. A new portion of graph can then 
be drawn, by means of these points, and the other graph being 
no longer necessary, can be erased. If desired, the useful por¬ 
tion of the integral-graph can also be shifted so as to form the 
continuation of Oa' from the point a'. As a matter of fact, 
the easiest and quickest way of making the shift is to integrate 
the useful portion b-c after its transfer, placing the integraph 
pencil or pen on the point a', so as to make the integral line start 
from that point, The integraph will then draw the portion B 
of the integral graph in the correct relation with respect to that 
of portion A. 

Another plan is to leave the different portions of the run 
separated and to " assemble ” them afterwards on a “ tracing." 
This plan usually takes less time than the other. 

The process of plotting, drawing, and cutting off the useful 
portions of V-T graph for portions C and D is substantially 
the same as for portion B. In portion C the train, though run¬ 
ning with power, is losing speed, because it is on an up-grade. 
In portion D the power is cut off to reduce the speed, on account 
of a curve which exists on this portion of the run. In portion 
E the coasting continues on a nearly level track until a point 
is reached where the braking must begin in order to bring the 
train to a stop. Now the portions E and E' together represent 
the final portion of the run, which is 0.071 mile in length. The 
important point is to find out the exact time at which the brak¬ 
ing must begin. This operation, which is usually very diffi¬ 
cult by other methods, is rendered very easy by the use of the 
integraph. As the rates of retardation attainable by braking 
are known, the “ slope ” of the braking portion of the V-T 
graph is also known. This portion can be drawn " backwards " 
from any convenient point. The coasting curve for the earlier 
portion E of this part of the run is plotted “ forward ” in the 
usual way from any convenient point, and its integral-graph is 
drawn by the integraph. After the portion D has been properly 
cut off at both ends, its final point g determines the initial 
point h of the portion E by means of the horizontal line g-h 
in the manner already explained. The point h in its turn de- 
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ten-nines the point V which is the lower limit of (.lie useful por¬ 
tion of the integral-line for portions K and K' together. '1'he 
upper limit is then obtained by drawing a horizontal line a t the 
proper distance (0.071 mile) above the line through //'. Now 
by integrating the braking curve " backwards ” from the lino 
of upper limit, the integral-graph of the braking curve will bo 
drawn downwards from this line. Any horizontal line drawn 
between the upper and lower limits will intersect the integral 

to e tV T ] E '- T 1 C ,listfln<:e this line 

to the lowei limit- will correspond to the distance for nnr- 
ion .£ and the distance, to the upper limit will correspond to 

“ wr?T r’ Now there is only one particular 

level at which this line will lie correetly.docated • ami this 

W* 6 JT f °V nd - qt ! lte i aS1 -' by the aid of the two integral-graphs 
We may begin by drawing a horizontal line at any level )«•- 
tween th ei tw° limit-hues. Through the points of intersection 
k’ p’ °f. thls 1 1, .'W' with the integral curves h'i and }% vortical 
lines i.» and j j are drawn to intersect the corresponding nnr- 
tions of the V-T graph. Now if the points intiSJl 
by these vertical lines are at the same level, so that they e-m 
be joined by a horizontal line, then the lino V ■)' was located 
at the proper level; if not, the line i'f must be dSre S 

UsuaUv 0 ?l UU r th ? point " *’■>' ( '"™ ! '<> the same level 
Usually the pioper location for the line i'j' is found by two or 

£T p £& i rt ooM fc f cco, ’ ra 7 fS««- 

n nof° s *1' d-OoO mde long, and the braking nortion if 
a021 mile long. The different portions may S " id' 1 

Sons toX C ,S etl 7 displacing or shifting their u cK ^r- 

pSSoni h °S eis£“S SZhT 'It" 

operatjon of “ teyfa* " from » sheet,' ilto (L »&?„ X “ 

would not beT^sv . dL 1T, ! U!h , lon ^ Portion, because it 
the "useful porLiW'of tho ST” 0 wlmt speed limits 

however, often necessary in 1 f aph ., 18 . Hkdy '<> ccmc. It. is, 
portions of a run bv7hem<sehJ> > -°l' C j Clt | llin Kmad intermediate 
backwards. The necessity fntMdUu'^ U 1:0 do Kuino Plotting 
of a run where bridges and sh-irn to 0(:(:ur / or portions 
necessary to coast or nut nti f7i\7”i Ve . S - 0mu i' and where it is 
speed, so as to keen it holnw i h c r bl ‘, lC0 n 111 ? rdc:r to reduce the 
kind is illustrated In Piv n n f C ° Wft ^ u ' ^ case °f this 

this kind that the superiority of f l| f ■' ^ is in cas0H of 

all other methods becomes evident h<X Just(,escnl)ed over 

with^most ASS ' 
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ditions. The conditions were arranged so as to give somewhat 
abrupt changes of acceleration and retardation at the points 
where the intermediate portions C, D, E, are joined together, 
so as to make the process of cutting off the portions more easy 
to illustrate. Figs. 6 and 5, reproduced from one of my lectures, 
show the details and the completed curves worked out in more 
“ professional ” manner, although the details are not completely 
given in Fig. 6. The complete V-T graph in Fig, 5 was traced 
from the “ portions " as worked out on Fig. 6. The distance¬ 
time curve was drawn in pencil by assembling the " useful ” por¬ 
tions as shown in Fig. 6, and the whole curve was then " checked 
up ” by integrating the completed V-T graph iti Fig. 5, and 
drawing the integral curve in ink by the integraph, with the 
result that the total error for the whole V-T graph was less than 
the thickness of the integral-line. This fact is mentioned as an 
illustration of the degree of precision obtainable with an integraph 
in good condition and used intelligently. The power-time 
(or kw-input) curve was plotted by reference to the completed 
V-T graph in Fig. 5 and it was then integrated by the integraph, 
producing the energy-time curve (kw-hr.). From this curve 
the energy consumption per train, per car-mile, and per ton- 
mile, were calculated, as given on the sheet. The operation of 
plotting the power-input curve is greatly facilitated by making, 
first, a chart which shows the power (kw.) as a function of the 
speed. With the aid of such a chart, the whole operation of 
plotting the power-input graph is performed in a short time by 
the use of dividers. The dividers are first set on the V-T graph 
to the actual velocity at a given time-point. The dividers are 
then transferred to the kw-velocity chart. The kw-input corres¬ 
ponding to that particular velocity is readily found and, being 
taken by the dividers, is transferred to the sheet on which the 
graph of kw-input is to be drawn, In some cases other velocity- 
functions, such as the power and energy expended in acceleration 
and the power and energy recovered in coasting, and also various 
other time-functions, like the power and energy expended in 
overcoming train-resistance and lost in the motors, are plotted 
on the same sheet with the V-T graph, and their integral-graphs 
are then drawn by the integraph. From these a complete 
analysis and segregation can be made of all the power and energy 
losses occurring during a run. A complete analysis of this kind, 
which is very simple with the integraph, has never been attempt¬ 
ed without its aid, so far as I have been aisle to learn; and the 
simple reason is the difficulty and the great amount of work 
of drawing the necessary integral-graphs in any other way than 
by an integraph. These details, which are beyond the scope 
of the present discussion, are only mentioned here to show 
the far-reaching character of the services which the integraph 
can render as an instrument of precision unci, also as a device for 
saying time and labor, in connection with work of this kind. 

The method of finding distances used in the paper that is 
before us is highly ingenious, though it is not quite new. It was 
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brought to my knowledge a long time ago. It has been used in 
Germany many years, and it may have originated there. One 
of the speakers this evening, who himself learned to use this 
method in Germany, will perhaps be able to throw some light 
on the origin of the method. I have never taken much interest 
in methods intended to replace the integraph, because of their 
inherent inferiority and their limitations as compared, with the 
methods employing the integraph. 

The objection to these methods is as much of a practical, as 
of a theoretical character. A diagram (Fig. 4) has been prepared 
to make this clear and to show the difference between the two 
kinds of methods. 

, The upper portion of the diagram shows ty V-T graph of the 
simplest form, comprising ail acceleration period 0 p qr s uv 
over a distance of 0.112 mile, a coasting period (#, w) over a 
distance of 0.135 mile, and a braking period (z L) over a distance 
of 0.033 mile. 


The middle part of the diagram shows the three integral- 
graphs corresponding to these three periods, and their use for 
cutting off the three portions of the V-T graph, and assembling 
them together into a complete V-T graph, in the manner already 
explained. The lower left-hand portion of the diagram illustrates 
the principle of the method used in Pig. 1 of the paper under 
discussion, and its application under very favorable conditions 
the first portion of the V-T graph. The inclined lines, 0-1, 
0-2, 0-3, • • • . to 0-16, are integral-graphs similar to the 

lines O-s and O-S m Fig. 2. The line 0-1 is the integral-graph 
or distance-time graph of a V-T graph of the constant velocity of 1 
mi. per hr.; the line 0-2 is the same thing for the V-T graph of 
2 mi. per hr, constant velocity; and so on with the lines 0-3, 4, 
5 . . . to 16. The integral-graph 0-9 in Fig. 4, which 
corresponds to a constant velocity of 9 mi. per hr., is the same 
as the graph OS’ in Fig. 2, though it is drawn to a scale that is 
twice as great, These distance-time graphs are all straight lines, 
ttach one has a constant "slope ” because the F-Tgraph from 
which it was obtained has the same ordinate value at every point, 
ueing straight lines, the distance-time graphs 0-1, 0-2 
0-16 can be drawn readily by means of a straight edge; but even 
k e °P era ^ 0n can be performed more easily and accurately 

by the integraph ; and the graphs shown in Fig. 4 were so drawn. 

. orr ‘ fir to utilize these straight line distance-time graphs, it 
is necessary to modify the actual V-T graph, or to suppose it 
to be modified, in a certain way. It is necessary to assume that 
tiie actual V-T graph can be replaced, for the purpose of obtain¬ 
ing its area, by another V-T graph in which the speed-changes 
take place at longer intervals and by sudden transitions from one 
average value to another. Thus, in Fig. 4, the actual V-T 

r n ? '& v 'n ^ r sa PI- )0K< ; d to be replaced by the broken line 
04 A 3 C D EFG H / Jv. In that case, the horizontal line 4-/1 
represents the average ” velocity between 0 and 8 mi, per hr ■ 
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and the other horizontal lines represent average velocities be¬ 
tween other limits as follows: the line B C, the average between 
8 and 10,mi. per hr,; the line D E, that between 10 and 12; the 
line I'G, that between 12 and 13; the line II /.that between 13 



and 14; theXline J v, that between 14 and 14.25. The vertical 
line B A is extended downward until it intersects the integral-line 
0 4, corresponding to the average velocity 4/1 in the V-T graph. 
In like manner, the vertical line D C is extended downward 
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to intersect the integral-line O-q, corresponding to the average 
velocity B C; and the integral-lines 0-11, 0-13.5, are intersected 
by the downward extensions of FE, 11G, Jl. As tjie ending 
point m of this portion of the run is not yet known (being, in 
fact, the very point which is to be found by the method under 
discussion) the vertical line mv' cannot yet be drawn. In the 
particular mode of using this method which is represented in 
Fig. 1 of the paper, these vertical lines are not actually drawn, but 
an exactly equivalent operation is performed by the aid of di¬ 
viders, namely, the operation of cutting off the pieces of distance¬ 
time graphs which are shown by heavier lines (0A\ B‘C‘ D‘E f , 
F'G*, and II' I') in Fig. 4. As it was desired to attain the very 
bes^ precision possible, great care was used^in drawing these 
vertical lines, to “ locate ” them properly and to draw them all 
exactly parallel to the F-axis. It is obvious that a very slight 
shift of the lower end of any of these vertical lines to the right or 
to the left would alter the length of the portion of distance-time 
curve that is cut off by that vertical line; and it is also obvious 
that the same actual amount of shift will make a greater dif¬ 
ference for the distance-time graphs corresponding to high 
average velocities than for those corresponding to lower velocities, 
because their " slope ” is greater. 

In using dividers instead of drawing lines to find, from thepoints 
A C EG I, the intersections A', B', C, D', etc., there is always 
a possibility of a slight error, due to the “ shift ” just mentioned 

in locating the ten points A', B',C .as it is very 

difficult to set dividers by the eye so that their points are exactly 
on a line parallel with another line, especially if the other line is 
at a little distance. There are still other chances of error. To 
obtain the exact distances corresponding to the five portions of 
straight-line distance-time graph ( 0-A ', B'-C', D'-E’, F'-G', 
and IV the, geometrical projection of each of these portions 
on the F-axis, i.e., on the distance-scale, must be made. This 
work, which has been done in Fig. 4 by drawing, with very great 
care, horizontal lines through the points A', B‘, etc., has to be 
done by dividers in the case represented in Fig, 1 of the paper. 
Hence there are 20 operations to be performed with dividers 
exclusive of those required for the final portion (.TV), which is 
still undetermined. . We must now obtain the sum of these 
projections, which will represent the distance from the beginning 
of the run to the point J; and we must subtract this sum from the 
known total distance for the first portion of the run, which is 
0.112 mile. The sum may be obtained by dividers. In Fig 4 
each projection was very carefully measured by a finely graduated 
scale. The values found were; 


Projection of 0 —A' 

• ** " nt 

" " D'-E' 

" '• F'—G' 

" H'-I' . 


0.011 mile 
0.009 " 

0.021 " 
0.020 " 
0.033 “ 


<< 


U 

M 

H 


Sum. 0.094 
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Subtracting lbis sum from the total distance (0.112 mile*) 
loaves 0.01K milo for the last, part of the acecleruii<>n period of 
1 lie V-T urnph. 1 lavinp decided upon an average. velocity for 
this portion ./ a, a distance-time prapli for i lial. velocity (M ,2ft mi. 
perlu\) is drawn in tin* lower part of the diuprum; and a portion 
lhereof is cut off, ./'a', whose projection on I,ho scale of distance 
is equal to (MlIN mile. Hy driwiup a vorlicai line v'-v throuph 
the upper end v 1 ofwo find the point of cut-off, hi, for the 
V-T graph. The immhiT of operations required with dividers 
Ims heen increased by at leasl four, iiialbnpn total of twenty-four 
for tin; aeeelerat ion period. It was possible to decrease the 
number of operations, by redueinp I lie munber of “steps" of 
avonp'e velocity iu the modified i’-Vyraph; lull this would have 
increased the erroV in anoliier way, since llie difference in area 
between the actual and the modified V-T praphs would then 
increase, materially. 

Let us now compare this method with the method employing 
idle intei'i'upli. The operation is found to be exceedingly simple. 
We inU'prnic the actual V-T pruph 0 p </ r s it v, as far as we like, 
by the inlepraph, nbtuiiiiiip I he inlepralprnph O ti h e e i; / /. We 
then draw verlieally from the base-tine of the inlcpral-prapli a 
line equal by I he scale of distance to (), I I'd mile, A liori/.ontaS 
line llirimpli the upper end of this line intersects the inlcpral- 
pruph at I he proper " eiidinp ” point A and a line I n drawn 
vertically from this point to the initial F Vpruph cuts it off at 
the proper point n. The cndiiip point, in, nbl aiited by 1 lie other 
met hod is fairly near llie cnrreel point , n, because special eliorls 
were ntade to set'are t lie prrutcsl possible nemrney by eliniinalinj.; 
Idle use of dividers. When tlie different operations involved are 
performed with dividers, the difference lui ween the point,s ill and 
n may vary considerably, 

The chances of error from the “ niodilieal ion " of the V-T 
pruph would not be so prral if the inlcprulioii of the modified 
V-T pruph were perfonued by the inlepraph, and the result,a 
obtained by one operation. This is shown in Kip. 'I, where till) 
iiltcprutioimf t lie modi lied FY'pruph was actually “ superposed" 
by tile intepruph u|ion that of the actual V-T pruph. The 
strait'bl line bitcprui-pruph 0 A ' forms a " chord "lot lie portion 
Otib. The other siraiphl line inlcpral-pruphs ( H'i' 1 , etc.) also 
form “chords” to Idle actual iulcpral-pruph, which are visible 
in the lower port ion, bill practically coincide in t be upper portion. 
The principal difficulty with the pruphirtd met,hod comes in 
asset lit >li ug the partial integrations into a complete whole. This 
explains tin: statement, already made that the difference between 
the lwo methods is as much of prncl icul as of llieorelieai ebaraeter. 
It amounts substantially to this: Whereas tin: integruph method 
enables the entire inlcpral for any portion of V-T graph to be 
obtained, and the desired value to be determined by one ample 
operation, Idle same hitcpral. when obtained by the pruphieal 
method, can only beoliluined in sections, which have to lie joined 
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together and summed up by methods which not only consume 
time but introduce chances of error. 

The simplicity of the method employing the integraph is 
further shown in the coasting and braking portions of the run. 
A horizontal line v w gives the “ entering ” speed for the coasting 
portion. The vertical line w t' gives the starting point for the 
integral-graph t'y. This graph, cut off at an ordinate height 
equal to the proper distance (0.135 mile) gives the point of cut¬ 
off, y; and the vertical line y x cuts off the V-T graph at the right 
point. A horizontal line, x z, gives the “entering” speed for the 
braking portion. The coasting and braking portions, when 
determined, are " shifted ” to the left in the way already ex¬ 
plained and as shown by dotted lines, so as-to give the completed 
V-T graph, ^ 


. ■‘- 11 reply to the criticism made by Mr, Iiaar in this discussion, 
in regard to the accuracy of these methods, I may state in general 
that the accuracy is to a great extent within the control of the 
person making the predeterminations. I can speak from abund¬ 
ant experience, having seen the work done in many different 
ways, and I know that the percentage of accuracy depends greatly 
upon the person doing the work. It depends, to some extent, 
on the accuracy of the formulas that are used for train-resistance, 
upon the scales on which the drawings are made, and the pre¬ 
cision of the methods of integration used,- "Where it is necessary 
to use average-velocity values and to determine the distance 
step-by-step, and especially when using dividers, one is liable to 
make .cumulative errors, as already pointed out. These errors 
are eliminated if we are integrating for a whole section of line in 
one piece by means of an integrating device such as an integraph. 
bo that, necessarily, a method involving the use of an instrument 
like the integraph is apt to be more accurate, especially if the 
scale is not too small and the drafting is done with some pre¬ 
cision and accuracy, and also if the number of points determined 
is sufficiently great. In my lectures on the subject, I have 
shown the errors which result from making the “steps ” or 
changes m velocity too large in plotting the V-T graph. It is 
possible to take rather large velocity-steps or changes at certain 
parts of the V-T graph and still have a fairly high degree of 
accuracy; but at other parts it is not wise to do so. In order to 
obtain a certain degree of accuracy, one must plot the curve 
with reasonable care and use a sufficient number of points. In 
any case, there should not be any difficulty in obtaining as close 
a degree of precision of predetermination by that method as by 
any other method used in the drafting room in electrical en¬ 
gineering. 

N. W. Akimoff: Under the name of starting curve or archoid, 
the writer proposes a curve, to his knowledge quite original, the 
(inject ot which is to embrace, in one equation, the peculiarities 
oi j/srtwg a motor, a locomotive, an engine, etc. 

,,, , subject is so broad that only the simplest features of it 
Will be considered m what follows. 
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linginecrs are quite often confronted with sucli problems, or 
troubles, ns, for instance, ■ the necessity of fuses of abnormal 
amperage for starting a comparatively small motor; or, for 
example, the apparent weakness of the pins of a. shaft coupling, 
of the ropes of an elevator, of a ear coupler, of a shaft or ils key, 
etc. 

ill all these instances the factor of safely, adopted in the design, 
may have been quite, liberal, and the whole trouble arises from 
the'fact that, in starting, this factor of safety may shrink down 



to almost nothing, while being altogether snllicicnt for steady 
running. 

In schools we are taught to design a shaft or a coupling for so 
many h.p. and so many rev. per mill, wit limit being in the least, 
concerned as to liow il i;c/,v Him'. And in dynamics we some¬ 
times deal with problems, where the acceleration is changing 
uniformly, or, very seldom, is varying according to some pre¬ 
scribed law, purely arbitrary and from engineering viewpoint, 
meaning absolutely nothing. 

Vet t here are certain limit.atii ms in the phenomenon of starting, 



certain things which may take place and others which cioiuol 
take place at all. 

The proposed curve, while not at all universal, may he of 
considerable use in practise, both in designing and in testing 
machinery. 

If time, l, in seconds, lie taken as abscissas, ami the sjiced, w, 
(in ft. pur see, or in rev. per min.) he laid oil' us ordinates, then 
the proposed equation is 

- & !,,) • m 






1608 


SPEED-TIME CURVES 


[Nov, 13 


where N is the normal speed (linear or rotational) and b and c are 
constants; e being, of course, the Napierian base = 2.71828. 

It is easy enough to see that, in the beginning of motion, when 
l — 0, v also reduces to zero; while' after a considerable period 
of time, when t is very great, bt* + ct tends to infinity, so that v 
reaches its normal, maximum, value, N; but l does not have to 
be infinite, in order that the speed may reach its full value. It 
will easily be seen that when the exponent, b P +ct, equals only 
4.5 or 5, the speed is already over 99 per cent of the normal; so 



^ 1 

•i 

r 

> s' 


s' i 

t Axis 2 


Fig. 9 


that, for practical purposes, 5 or 5.5, at the most, is the maximum 
value required for the exponent 5 P + c L Thus, for instance, 

if 5 - 1 and c - 4, then the full speed is reached practically in 
one second. y 

This curve will be smooth in appearance (Fig. 7) as shown 
by a or b. In general it can be said, before any investigation 
has been made, that one's common sense will more readilv 
accept this curve as likely to illustrate the true nature of start¬ 
ing, than for instance the fancy curve of Fig. 8, which is quite 
impossible, or for that matter, the curve of Fig. 9, which is rather 



Fig, 10 

improbable in practise; the latter curve, where the speed is 

coSstlnt 1 md lUOnal t0 t i he • lm 1’ means that the acceleration is 
constant and coi responds simply to the case of falling bodies 

™ nK ’ as a . rul ®> nc » Plnce in the dynamics of starting The 

T I is perfectly f ^sible, but it merely con- 
. sts of seveial separate curves, each similar to that of Fig. 7 
lo return to the archoid: the coefficients b and c are not 
necessarily positive, but cannot be both negative at the same 

caUecl the be if b = °* we ^ve what may be 

called the simplified curve, in contradistinction to the complete 
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curve, in which either c alone in -- 0, or both b ami <- differ 
from zero. A very groat variety of curves may thus be derived, 
depending upon the values of the constants b and c. 

The simplified curve 

v “ N ( l ~ ~pr) ■ • 

for c — 0.5, 1, ‘2 and 5, is given in Fig. II. The complete 



curve, is shown in Fig. 12; here b has been taken as I, while 
r lias been given values 0.2, 0.5, I and 1.2. 

The simplified curve may answer in a great variety of liases; 
its layout is particularly easy, especially if a table of multiples 
of the common logarithm of a, say from I to 100, has been com¬ 
puted once for all (e •- 2.7IH2K; its common log =•- 0.11M2U). 
'I'he slide rule can be used for calculations, 'flic simplilied curve 
cannot have any points of induction. 

The complete curve may or may not have a point of induc¬ 



tion, regarding which a few remarks will now be made. We know 
from the elementary calculus that, in order to have a point of 
inflection, the second derivative must vanish. This, in our 
ease, leads to the quadratic expression 

4 bH l + 4 bet -I- (r % - 2b) . (3) 

-.. -i. v/o/i 

If this = 0, the roots are --. Iloneo, if the 

curve is to have a point of induction, b 'cannot possibly be 
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negative. If c is positive, there will be only one point of in¬ 
flection, namely, if V2b is greater than c. If c is negative, 
there might be one point of inflection, i.e., if c isjess than V2fr, 

or, if c is greater, in absolute value, than V2b, there will be 
two points of inflection. 

= 2 ,’ c i T 7 , 3 ' wil1 mean ^at there are two points 
at fl 5/ ^. and wh ile b = 2, c — - 1, will mean only 

sbn’fSWs' tnl 1 - C n 0I l’/' C - aU = *• If * however, the expres- 
T , ' / , s , no theie cannot be any points of inflection. 

giea importance of the points of inflection will become 
ap ? ar l nt + after .n ieir dynamical meaning is explained. 
p ,.5“Jl 0 ^ hat Wl11 sa ^ a few words regarding the accel-' 

hy T T CU P7S Jt wiU be I'dadily understood 
fj at , the derivative of (1), or, which is the same thing, 
the tangent of the angle a, (Pig. 13 ), represents the accelera- 



Fig. 13 


tion of motion as characterized bv the mrw. i , • 

value of the acceleration is, therefore, 1,6 imalytlC 


a = N 

e bP+cl 


which, for the simplified curve (b = 0) becomes 


cui T ve e (/- 0 m 6 a P cel 1 e K rat .ion ca rve for a simplified 

fw a SmpIete “ Tit 

wh?ie e two 01 noinL mflans th ? maxiimi m acceleration, 

c pi P 01 ,s 01 inflection mean, in our case that at imci- 

We ^asfl 111 C °, rreSP ? nd t0 acceleration^ 1 ^ leaSl 

the^axis of Tat / W t! '® cannot be tangent to 
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It is of extreme importance for a practical man to know when 
this occurs and to have an idea, even if only approximate, as 
to_ the value of the acceleration. Only having these data in 
mind can the designer lay out a machine in which the factor 
of safety will not be lower, at any time, than the value originally 
intended. Any other “ assumption ” is mere guesswork. It 
will of course be remembered, that linear acceleration, if multi¬ 
plied by the mass, gives the acting force; while, in rotary motion, 



TIME 

Fig. 14 

the angular acceleration, when multiplied by the moment of 
inertia, gives the acting torque (or moment) at that time. 

In practise,the only difficulty will be/the finding of the constants 
b and c. They cannot be very well figured out and will have 
to be determined from tests of machinery of similar types, 
In order to facilitate matters it will be of advantage to remem¬ 
ber that the. area of the archoid (Fig. 16), for any time t, repre¬ 
sents the space (linear or angular, according as we iiave trans- 



Fig. 15 


lation or rotation) traveled since the beginning of motion. In 
practise it will be found much easier to measure this than the 
actual velocity, corresponding to the given time t. This rc- 
mailc may help to find a few of the values of v, say iq, v<i,V 3 , 
coi i esponding to time h, h, fa; remembering, also, that we have, 
at the end of the starting period, (when the full speed has been 
reached) v — say N and t — T, we thus have several (say four) 
sets of data, from which to determine b and c, 

Using the elementary rules of the theory of least squares 
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we now proceed as follows: let us denote b t~ + cl simply by A, 

so that v = N ^1 — . . .[see (1)], whence A = log, —— — 

\ c / N — v 


= , say, B. 

Now, from our observations, we have the so-called observa¬ 
tion equations, corresponding to various values of l and v, as 
for instance k, v,; t%, v 2 \ / 3 , j) 3 ; and, finally, T and N. 

Thus we have A i = B,; A t = B 2 ; etc. etc., or 


bt d -(- eh — B\ 

bli 2 -j- cli — B 2 

bta 1 -j- cla — Ba 

b'T 2 + cT « B r 



These are our observation equations, From these we form the 
so-called normal equations:in order to do so, we first multiply 
each equation of the group (6), throughout, by the coefficient 
of b in it, and add the results; then, second, we multiply each of 



Fig, 16 


the equations of the group (6) by the coefficient of c in it, and 
add the results, 

Thus we have two normal equations 

b (k* + k* + // + T*) + c (A 3 + ti + h* + T 3 ) 

= B, k 3 + B 2 A 2 + B 3 h* + B t T 2 . (7) 

b (k 3 + A 3 + A 3 + T 3 ) + c (A 2 + A 2 + A 2 + T ») 

= B\ k + Bi A -|- B 3 1 3 B r T 

from which we can readily determine b and c, The equations' 
(7) are so easy that no general formula will be given for their 
solution. 

As soon as b and c are known, we need not really go to the 
trouble of plotting the archoid itself, unless .we have any special 
reason for so doing; all we have to do is to introduce the con¬ 
stants b and c into the expression (3) as well as into the equa¬ 
tions (4) or (5). This will give us what we want to know most 
of all, the value of the acceleration, and the points of inflection, 
if any, 

If this article is somewhat long, it is due to the writer’s earnest 
desire to make it easy for the practical engineer, A mathe- 
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matician would understand everything right from the first 
glance at the proposed formula (1). ■ 

The writer sincerely hopes that the archoicl may be intro¬ 
duced into practical life, where it might clear up more than one 
mystery. 

Note. . The Integral Curve. The object of the archoid 
is to obviate, as much as possible, the necessity of graphical 
methods: the time-speed curve is plotted from actual observa¬ 
tions, then the constants are derived from it and, finally, the 
acceleration is found by substituting the latter into the corres¬ 
ponding formula. 

• some cases > especially where motion in general is con¬ 

sidered (and not only the starting or accelerating period), it 
is necessary to use graphical methods, and in this connection 
a tew words may be mentioned here regarding the integral 
curve, which is so useful in such investigations. In fact this 




curve can be used in many branches of engineering but we drill 

T FmL I7? pl i ca r n , *° 4“-^ P^bw" 

. (' S' 17), of which any ordinate y represents to 

ome certain scale the area of another curve d, coircspondit g 

nosed curve ? SC n Sa *' 15 , calle / 1 the integral curve of the pro 
posed curve A. Conversely, A is called the differential curve 

of 5. Being given either curve we can readily construct the 
Dther curve, as will be presently explained. 7 ihC 

ft will be easily seen that, in our original problem the 
choid, or in general the time-speed curve is really the’ intern'll 
curve of the time-acceleration curve; on the other hind fhf 
same time-speed curve is the differential curve of die time- 
distance curve (we mean distance in general, that is in angular 

SoThft 01 'd° tati0n f, nd / n Uneal trandatm’y^imtfonT 

bo that dynamically (not electrically), the characteiStlcs of 
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followin g general remarks regarding the integral curve 
can here be made: 

"The integral curve of any given or proposed curve can 
) econstiucted with a great degree of precision by means 
of an ordinary planimeter. 

2. The inverse process of finding the differential curve of 
a given or proposed curve is less accurate (Fig. 18) • here for 
any point b of the proposed curve B we find the corresponding 
point a of the required differential curve A as follows: from 
• we lay off a suitable constant k to the left and then through 

h W1 aW a P arade l. to ^ t to the proposed. curve at 

. The constant k is really arbitrary and is chosen so as to 
secure the curve A to the desired scale. 

3 ' If ^ e . Proposed curve is parallel to the axis of *, the integral 
curve will be a straight line through 0 (Fig. 19). 

4. _ If the proposed curve is a straight line’through 0 (Fig 20) 
at 0 egl ' a CUrVC WiU bS a parabola - tnogcnt to the axis of * 

The integral curve possesses many other most interesting 




Pig. 19 


Pig. 20 


properties, which will not be gone into in this communication. 

tn Lw f 6 ? deS1 ^ spe T cml Planimeters, called inlegraphs, 
to draw it mechanically. It appears that Dr. Mail lout, who 
“ * weU-known expert on such matters, has even succeeded in 
consti acting a device for the inverse problem, that is, for drawing 
°“S ln al curve from a given integral curve. 

en F> , V astlglioni: K am imich interested in the subject of 
curves. I am one of the few persons in this country 

in rh m 6 Jr lla ? de a speaialt y of this line of work. I do not refer 
to the land of speed-time diagram work represented by the dia¬ 
gram for a so-called " average run ”—which is a rather ele- 
pie f e rfwork-butl mean high-grade work of the kind 
flolnnm « by i° r ' Ma , lIIoux > speed-diagrams which take into 
sneed duJ e i T C + ian , ge ° f gl ’ ade ' every “ sl °wing down ” in train- 

aln-ice cmdSoS ”™ S ' ™“" SS and ***" “ d .<*>" 

I learned the methods which I use for doing this work in 

?r^n aily Tr S ' me ? earS ag0 ,' 1 did know, at the time, th£ 
ongm. It is only recently that I learned of the pioneer work 
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of Dr. Mailloux, and of his celebrated paper published in the 
A. I, E. E. Proceedings in 1902. 

The matter of greatest importance in any method of plotting 
speed-time curves is, as Dr, Mailloux has pointed out, to deter¬ 
mine when to stop, in going along with the speed-time curve for 
a given grade, so as to conform at the right time and place to 
the new conditions for the change of grade for the next portion 
of the run. 

. Use has been made for many years of auxiliary curves of 
distance-time, based upon average velocities, for determining 
distances, as is done in Pig. 1 of Professor Woodruff’s paper. 



Pig. 21 


The arrangement of these curves which I have used (Fig. 21) is 
a little different, and 1 think has advantages in some respects 
-a"* 1 ® JF ethod which I use, in preference to all others, for cutting 
ori portions of speed-time curves at the proper points, involves 

curve "« trUCtl ° n ° f tlie s P eed ~ distance curve. The speed-distance 

interest ^n/FTrY ® 7 llke - a s P eed - time curve, and it is of 
interest and utility aside from its use in giving the proper dis- 

i^of interest CU1 ' ve ' WSnTJmve 

in,Tti te t t0 th f motor manufacturer as a means of determin- 

f'be sne P P i°T- ei f and energy consumed , but to the operating man, 

sneed P Hme Cl n tanCe C n rve J S really of gl ' eato interest than the 

curvets l i ^ e i By i the method which 1 nse both of these 
cuives are plotted, on thp saipe sheet. 
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The conditions under which we have to work in making pre¬ 
determinations by means of speed-diagrams are usually more or 
less the same. We have the detailed profile of an existing or 
proposed road; we have information about the speed-require¬ 
ments and regulations prescribed, the weight of the train, the 
number of driving motors, the required schedule-speed, and the 
specification of the number and length of stops, Previous 
experience with similar cases, or else an approximate predeter¬ 
mination by reference to an " average run ", will tell us the motor 
capacity and gear-ratio, which should be chosen tentatively. 



V\ e are to ascertain, by the aid of speed-diagrams if the nm 
posed schedule speed can be attained, and w£ will^ bV he 
tempeiature and the power-consumption conditions with the 
motors and gear-ratio under consideration. 

which 1 ? us e e SCn i b t e i s b a e K, the met , ] J ocl , .plotting speed-curves 
somewhat and adapted to'American mfi? 101 ' 1 haV ® sim P lified 

iSScSrrv? 
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formula for train-resistance, a curve, R, is plotted to represent 
the tractive effort requisite to overcome the train-resistance for 
the weight of train per motor, (which is assumed to be 10 tons, 
in Fig. 22). The curve R is plotted to the left of the axis of 
speeds, 0 Y, but with the same scale of values as for the curve M. 
From the curves M and R a curve of net tractive efforts, M', is 
obtained by plotting the curve M anew from the curve R as a 
base, instead of the speed-axis 0 Y. At any given speed, the 
motor tractive effort, CD, measured from the curve M, will be 
the same as the tractive effort A B, measured from the curve 
M ; and as the portion AC — B D represents the tractive effort 
expended in overcoming train-resistance, the remainder, C B, 
will represent thp net. tractive effort available for producing 
•acceleration. 

The retarding forces due to up-grades and the accelerating 
forces due to down-grades, are also taken into account by an 
adaptation of the Mailloux method. Lines corresponding to 
different grades (1 per cent, 2 per cent, 3 per cent, etc.) are 
drawn on both sides of the speed-axis, 0 Y, the lines for up¬ 
grades being on one side, and those for down-grades on the other, 
as in the Mailloux "Chart of Coefficients." The difference be- 
tween the two charts in.this respect is that the grade-lines on 
the Mailloux chart are based upon forces per ton, whereas in 
this case they refer to forces for the tons of train-weight per motor. 

he chart shown in Fig. 22 is used to obtain the net accelerating 
and retarding forces in substantially the same manner as the 
chart of coefficients of the Mailloux method, but the values 
obtained are expressed in different units. The net accelerating 
force, winch is equal to the distance, C B, between the curve M' 
and the axis 0 Y, for a level track, becomes decreased to C'B 
tor an up-grade of 1 per cent, and increased to B C+ E C=BF 
on a down-grade of 1 per cent. The net accelerating and re¬ 
tailing forces for other grades are obtained in like manner. 

. ■ 1 or plotting the speed-curves, a strip of cross-section paper 
is used, of width suitable for the scales desired for speed, current 

SZZ'SS-.f oU t ng S h S , uitable for the total distance of the 
run or senes of runs to be plotted. On this strip of paper time 

dritfl d ^ 5tanC ? arC botb measurecl ,j y horizontal distances. ’ The 
distance-scale is continuous, but the time-scale starts anew at 
each station. The fact that the distance-scale is continuous 
enables all the stations, grades, curves, and the speed-regulations 

«? c - to be Seated at the propel point" 
on die sheet before beginning to plot the speed-curves. 

We first plot the portion of speed-time curve for the beginning 

steed r F i t 22 s stra i* ht «« Mow theSS 

speed, b tig. 22, at which the accelerating force ceases to be 

( as , re P resen ted by the dotted line we) begins to decrease 
M th Au rea tn lg s P e< r d ln the manner shown by the motor-curve 
nfott^ tL the Straigh i; line Potion of the speed-time curve is 
plotted, the corresponding portion of the speed-distance curve 
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is drawn. This is not a straight line, but a curved, parabolic 
line, the necessary points for which are obtained by a simple 
calculation, from the area of the initial portion of the speed¬ 
time curve (which is that of a right-angled triangle). It can be 
shown that the distance covered in a given time during the initial 
portion of the run is equal to the speed squared divided by a 
constant, which is proportional to the acceleration, and depends 
also upon the units employed for speed and distance. The 
co-ordinates of these parabolic curves vary with the grade. 
The necessary points for plotting them for a few grades are 
obtained by calculation; and the curves for all the grades can 
then, be plotted on a separate sheet, from which the points 
required for plotting portions of these curves may then be taken, 
as wanted. The braking curve at the end of the run may then 
be drawn. It is also an inclined straight line, and, consequently, 
the corresponding speed-distance curve will also be of parabolic 
torm, and the necessary points for plotting it can be determined 
in the same manner as for the initial portion of the run. To 
plot the speed-tune curve between the initial and braking por- 
bons, a step-by-step process is employed, as in the Mailloux 
method and its modifications. Having determined upon the 
speed-increment which is to be used in plotting the curves 
fsay, tor instance, supposing we are taking A F = 2 mi. per hr.) 
we can use the well-known hyperbola, as first employed in the 
lloux method, for finding the time-increment corresponding 
to the average net tractive effort obtained for that speed-in- 

fr0m Sf curves in Pig ' 22 - Pig- 21 shows the hyperbola 
m question. The average tractive effort, for any speed-incre- 
« 1,**"? <* *!'-»». Mg. a. and is 

2? 1 2i- Supposing it to be equal to BC in Fig. 22 then in 

interval 0 C ^Iftlf 1 di ? t ? nce \. B C wJI1 correspond to the time 
Ifthe net tractive effort is B C'in Fig. 22, then, 
g. 21 the corresponding time-interval will be 0 C f The 

an 6 “ aveLt/^ of t lntegral lin es, each of wWch corresponds to 
Fie 21 fnr ve i° cl ty. These integral lines are shown in 

parallel with the time-axis unmtofrSn1 th< ; l poil . lts in a linc 
the integral line for the th n S ht -hand point comes to 

8 the plo P er average speed (which is 23 mi : . 




1014] 


DISCUSSION AT NEW YORK 


^' f° r case s ^ own i n Fig- 21). When this line is reached 
tlie vertical distance from the time-axis, L C = OL, oxL'C ~ 

_^A aCC ?™ ngt ° t ] ie case ’ is the required distance-increment, 
nft- S i th ® n tr . ai ?f fei 7 ed b >' dividers to the plotting sheet, and 
horizontally from the last point plotted, The speed- 
clistance curve is then plotted to this point by making the speed 
d’stance-pomt exactly the same as the speed at the cor¬ 
responding time-point of the speed-time curve. The next, and 
all succeeding points are determined and plotted for both curves 
iia the same manner. Thus, both the speed-time and distance- 
tinne curves are plotted simultaneously, step-by-step, the speeds 
going upwards for acceleration and downwards for retardations 

fo n o et 7 a ^f 50f tractiveeffort beingtaken, in every case,’ 
f , h- 22, foi the grade, etc., for the corresponding portion 
j' f nin / and *V S th f speed-distance curve which shows at 
P 01 .^ on tbc bne the train is, and which indicates where a 
S i n portion ends and a new portion begins. When the " run ” 
accurac y of Pitting may be checked up by 
carp! 7 ? i! e areaof £?“ s Peed-time curve. With ordinary 
r* u P 0 ln,?1 the difference between the actual and the 
y correct . curve ought to be within 3 per cent, which 
i °c y ' c ° nside nng the fact that the motor-curves are 
i be f 1 ?,” 1 3 pei ' c f. nt to 5 per cent off the correct values, 

use ot tbe speed-distance curve to supplement the speed- 
f^,™ rV f u and to assist m its construction, is the characteristic 
°f this method, distances being represented in all other 
i by a ^stance-time curve, in which the scale of distance 
^£ fh i nstead ° Omental, and therefore much more limited 

ert'eatlv s P?cd-distance curve, aside from its 

b-fbyfacdaann, and expediting the operation of cutting off 

^? anectlI l g th f different portions of runs at the right time 
1 7 5 mS the adv . anta 8' e of furnishing a curve similar to 

C , U1 ' Ve - wblc h g'vcs information of interest to the 
.^? , g / lepaitm ? nt of , tI l e road because it shows the actual 
ciwrw a 4flf y p ^ tlon oi , the Stance, whereas the speed-time 
cu i.' e onl y shows the speed at every instant of time. 

. 1 , ilav . e use d this method with success for extended and com- 
c4° f ? lecLHc traction possibilities, in important 
^ Pennsylvania electrification at Philadelphia, the 
elevated and subway systems in New York, etc., where there 
were many different kinds of trains and schedules to be considered 
5?* W , h / Ch ^determinations had to be made. An idea of 

bHe rapidity of this method may be obtained from the sample 
curves which I have with me* Two of these curves refer to 
11> miles of road with 25 stations, 145 changes of grade, 50 curves 
* fCW s P eed - reg >dations. The actual work of plotting of 
these cuives in pencil was done in 25 hours and 15 minutes, To 
cLo the same work by calculation methods instead of this 
graphical method, would have taken at least five times more 

hi iXlty » 

O-urves exhibited at meeting but.not embodied here. 
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F. E. Wynne: The method shown in the p^PI i i V * I *J m 
a slight modification of a method described b> r 1 l J Vn* i,*! 
in his book, Electric Traction on Railways in fh il * . 
hyperbola and nest of straight-line curves have 1 »****' *' 1,11 ' 

posed upon a motor curve plotted in the usual ftl1 ' . , 

this and other graphic methods undoubtedly save <** * '* 

time where a large number of car performance aui ^ 1 * * 111 

plotted for varying service conditions, yet I am it Uf * • > »* 1 4 » ' 

with the author that his method saves time “ eve tl * 1 *, 1 4,11 

to plot b'ut a single speed-time curve.for a, pavtuaintr n 
load”. Considerable observation leads me to beliu v, ‘ t Itn 
step-by-step method of calculation and plottinK 
curves, together with the use of a planimeter „wh inn «* 1 111111 
the necessity for the speed-distance curve or tiiuo-d islaiX't; «.*t 
is more rapid than any graphical method where not *• u .*»'*-• 
three speed-time curves have to be made for a nil' < * * 1 1 ’ 1 H * 1 * 

motor, 

Experience in instructing students and others lino v*mvi 
me that students in particular should become tli oro 11 tX 1 1 1 ; n i 

with the step-by-step process before being permi t fce« 1 < 41 >* 

graphical processes, because byintelligently folio wi ti K 1 1 * * ! * 1 * * J' 
step method, they secure a much clearer understan* 1 i * *K * »£ 
actual mechanics of car performance. After they liuvt- tua l 
understanding, graphical methods are of great nssist m no it 
ducing to a minimum the labor involved in calcnl til i *t, 1 

series of performance, curves. 

W. Storer: The description of the method wliioli 
•Mailloux offers tonight is of the greatest interest to 1IH all, 
we shall be very much interested in seeing it amplified unci Win 
out, accompanied by the curves. It looks lilce it verv tain 
and accurate method. 

Mr. Castiglioni’s method I can vouch for as cjnii to relittl *1« • 
accurate, as well as quick. He did considerEthJo work in 
sight some few months ago, and I can say that- it wau very ' 
andquickly done. There are any number of tl i osi' j.;r<t|di 

methods, all of which are of advantage, especially to tins nun ’ 

have worked them out Any man who gets used to wr n h in) 
one particular scheme is going to be at a disadvfili1 1 ;, wl it>t 
attempts to work on some different method, but I think wr 
recogmzethat each of them has certain aclvant - 

E. E. Kimball: In the short time which remai ns I vvi:-il! 
hurry through a description of two typical rail w£iy m« if < >r < • 1 

actenstic curves and show how valuable the slide rule- h 
handy substitute for the characteristic curves of un uclmil t 

way motor. The steps leading up to the selection of ; i mot o 
do a given service without overheating, usually reenurt- «-» , t < 

similar calculations or follow the calculations of sneed-t :, lU . , 
distance-tune curves, but there'are some short cliLh wlticdi 

lead to a close approximation of the size of motors 
furthermore, the ordinary characteristic curves l-. r i v i i i t» . , 

tractive effort and efficiency of a railway, motor, do m.l’ Vnnt 
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information regarding the resistance and core loss of 
} a ted it-, ° r . one 1,0 determine the losses which have to be rad- 
111 -" erviC( i or t0 correct « characteristic curve for a change 

conditions. From an analysis of these characteristic 
io vin<a ^ f wuter expects to point out a procedure which he has 
Clui;i 7 e< j • >e vei 'y useful in supplying this information when re- 

the orc1i«' Calle v J p0ly P iiase slide nde ~ Fig- 23—is the same as 
ij-, ^ s rit ^ except that it has two additional scales; 
inv ei -fti e , d betwe f" the B aad C scales, which is the 0 scale 
ls blue so. i rev , e J\ sed )’ f nd >; he other on the edge of the rule, which 
of the ° f the C1 l bes of numbers on the D scale. If the ends 

■ead f ro-m S +tf re ^r de l i° co , mcide as shown in Fig. 23, and values 
3 ora ditip- 1 ^! m 6 t 1 aa , d cube scales are plotted against corres- 
‘esaalt i + f , rom i the A s . ca ! e as a hscissas, the curves which 

ls slaown 1 Tf Ctens ^ CUrves ofad “ c - railway motor 

n by the dotted lines of Fig. 24. That is, from the "A” 


,‘/o Normal Amperes 
°/o Normal Speed 




' % Normal Tractive Effort 
Fig, 23 


"1 iaad P ei ; cent amperes, from the middle scale per cent 
fl '°™ th e fcale on the edge of the rule percent trac- 
Jt fu ' The setting of the slider in Fig. 23 gives theread- 
ys pi speed and tractive effort corresponding to 160 per cent 
aaa p ei T es ith at is, 79 percent speed and 203 per cent trac- 

IdUi 1 ? 24 ar ? shown in solid «nes the charao- 

i Utic curves of a composite or typical railway motor in which 
e values are given in percentages of the one-hour rating of the 
otor. If the dotted lines are accepted as representing the 
atiota between the amperes, tractive effort, and speed for 
calculations, then it can be shown that the efficiency must 
^ OI ? Sd;ant throughout the entire range. The equations of the 
tted speed and tractive effort curves are as follows: 


Per cent speed = 


( % amp. ) 


Per cent T.B, = (per cent amp.) 3 / 2 
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The writer has made no attempt to derive ail equation which 
will represent the characteristics of a railway motor closer than 
the ones just given, for the reason that the chief value of these 
equations lies in the fact that it is easy to remember to read 
per cent amperes on the A scale, per cent speed on the middle 
scale and per cent tractive effort on the cube scale. 

For speed-time and distance-time curves one is not so much 
interested in the relation between speed and amperes or tractive 



effort and amperes as he is in the relation between speed and 
tractive effort. 


From the above equations it follows that per cent speed 
= ('% jg ) or in °ther words: The speed of a d-c. rail¬ 


way motor is approximately inversely proportional to the cube root 
of the tractive effort. 

The dotted speed curve in Fig. 25 Is plotted with tractive 
effort instead of amperes as the variable, that is, the two tractive 
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effort curves of Pig. 24 have been made to coincide and the 
speed curve modified so as to maintain the same relation between 
speed and tractive effort as exists in Fig. 24. The closeness with 
which the dotted and solid speed curves of Fig. 25 agree shows 
the relation between speed and tractive effort for the typical 
railway motor is closely represented by the rule just stated. 

1 he value of this relation in determining the capacity of rail¬ 
way’ motors for a given service is best illustrated by an example. 

Assume a 50-ton car to be geared for a maximum speed of 60 
mi. per hr., a train resistance value of 25 lb. per ton at 60 mi. per 



hr, and a rate of acceleration of 0.8 mi. per hr. per sec.; to deter¬ 
mine the h.p. capacity of motors required, 

. At 60 mi. per hr. the tractive effort delivered by the motors 
just balances the train resistance, i. e„ 25 lb. per ton. The final 
speed reached on the control during the period of notching up 
(beginning of motor curve acceleration) is unknown, but we know 
what the tiactive effort must be to give 0.8 mi, per hr. per sec. 
acceleration during the control period. It is 80 + 15 = 95 lb.' 
per ton if we assume it takes 100 lb. per ton to produce 1 mi. 
per hr. per sec. and if the train resistance at this lower speed is 
taken at 15 lb. per ton. 
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By the rule just stated 


V 

60 



or 


V = 60 X 



1/3 


1/3 


= 60 (0.263) 


38.5 mi. per hr. 


Likewise for any other speed the tractive effort can be ob¬ 
tained: that is, at 40 mi. per hr. 

T_ = /60\ 3 
25 \40/ 

or 

T = 25 X — 84 lb' P er ton. 

Thus, given one condition which must be satisfied, other points 
follow directly, That is, given,the maximum speed and fric¬ 
tion corresponding, the speed and tractive effort for any other 
point can be closely estimated. The usual procedure is as just 
outlined in the example above. 

The equipment selected must be able to accelerate the car at 
the rate of 0.8 mi. per hr, per sec. up to 38,5 mi, per hr. without 
overheating in service. A car geared for a maximum speed of 
60 mi, per hr. would not usually be used in a frequent stop ser¬ 
vice, hence high and frequent accelerations are not likely to 
occur, and it may be assumed that if this rate of acceleration does 
not exceed the one-hour rating of the motors the equipment will 
have capacity to do the service, that is: 

h.p. required - ^ 

let us say four 125-h.p. motors. 

One woidd look for characteristic curves of 125 h.p. motors 
and select a gearing which would give sufficient tractive effort 
at 60 mi. per hr, to balance the friction. 

For lighter and slower speed cars which are generally used in 
frequent stop service a rate of acceleration of 0.8 mi. per hr. per 
sec. is not sufficient either for performing the usual schedules 
nor does it leave enough margin for radiating the losses in ser¬ 
vice. It is usual to select an equipment for these services which 
will produce an acceleration of 1.00 to 1,50 mi. per hr. per sec. 
at the one-hour rating of the motors. This is on the basis of 
non-ventilated motors. 

Ventilated'motors radiate losses much faster than the non- 
ventilated pole type, hence the h.p. rating of motors, if venti- 
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lated motors are proposed, vvill be less than found by the above 
method. As a first approximation, 80 per cent of the values 
found above will lead to some definite design of motors for 
which the radiating constants are known. From these it can be 
determined what the probable heating will be in service. 

To segregate the losses of a railwaymotor and thereby determine 
its resistance, the writer has found that the core loss may be 
represented by the equation CL — K where K is a constant 
and I represents current. 

The Standardization Rules of the A. I, E, E. (Appendix I of 
Rules) suggest that the gear and friction losses be taken at 
five per cent for all loads above ?, load for approximate determ¬ 
inations when tests are not available. 

Then from an efficiency curve plotted in this fashion we 
may select two points above f load and write the equation 
for the total losses, eliminate the terms containing core loss and 
solve for A. 

Thus for 3/4 and 3/2 load 
if / = Amperes at 3/4 load 
2 1- Amperes at 3/2 load 

_ L = Core loss at 3/4 load 
•'v ,/ 2 (L) — Core loss at 3/2 load 

Ki and Kt — Total losses in per cent at 3/4 and 3/2 load respec¬ 
tively. 

- 100 - per cent efficiency at 3/4 and 3/2 load respec¬ 
tively. 

E = Rated voltage of motor or voltage marked on curve. 
Tl«„ PR + £ + = Ml . at 3/4 i oad (1) 


And (2 1)‘R+ </2 L + JL E (2 7) - at 3/2 load 

(2) 

Or eliminating L and substituting 1.26 for 'V / 2~ 

2 74 P'R 4- _ (2^8— 1.26/ft) 

^ 100 100 hI 


R = - 1.26 A, - 3.7) E 

2.74 X 100 X / 


Simplified, R 


(8 K a - 5 g,-15) E 
1100 / 


approximately 
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From the derivation of this formula it follows that care must 
be taken to select two points both of which are above 3/4 load, 
and the loads must bear the relation 2 to 1. That is, if one point 
is taken at 7/8 load the other must be taken at 7/4 load, etc. 
I is the current corresponding to the lesser of the two points 
chosen. 

Example. Find the per cent copper and core loss represented 
by the typical characteristics shown in Fig, 24 or 25. 

These curves are shown over a sufficient range to obtain three 
determinations of the resistance, For check readings, we will 
take the losses in pairs as follows: 

Kw, ICioo! Km, Kim) Kuo, K% oo 

Kbo = 100 -86.5 = 13.5; K w = 14; IC m *= 14.5; 

Kuo = 100- 82.0 = 18.0; /f 180 = 20.5; i^oo = 22.0 


R = 


(8 X 18 - 5 X 13.5 - 15) E 
1100 X 80 


0.0007 E 


1? = (8 X 20.5 - 5 X 14 - 15) E 
1100 X 90 


0.0008 E 


(8 X 22.0 - 5 X 14.5 - 15) E 
1100 X 100 


0.000805 E 


Ave. R = 0.00077 E 

pr y ion 

Per centPR (1-hr rating) - . Yx I = 100 X 0 ' 00077 X 100 

= 7.7 per cent 

Per cent CL (1-hr. rating) = 14.5 — (5 + 7.7) = 1.8 per cent. 

The accuracy of this determination of the resistance of a motor 
depends upon how accurately the efficiency can be read. A single 
determination may be 25 per cent out because of accumulated 
errors in reading the efficiencies, but usually the error is less 
than 10 per cent. 

E. C. Woodruff: With regard to the accuracy' of a graphic 
method—-when the data are given in the form of a curve and the 
object of the calculation is to obtain another curve, graphic 
methods used for the intermediate steps will not reduce the ac¬ 
curacy of the calculation. Any analytical steps used will in¬ 
volve a double translation from curves to tabulated data and 
vice versa, and will give even more chances for errors in said 
translations. 

C. O. Mailloux (communicated after adjournment): A com¬ 
parison of the chart used in the method of Mr, Cas- 
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tiglioni (Fig. 22) with that shown in Fig. 9 of my 1902 
paper, indicates clearly the identity of the principle of 
the two methods. Curves M, M' and R in Mr. Castiglioni's 
chart are the same as curves M, N and R 1 (and also R) in my 
paper. They seem, at first, to be different because the axes 
of co-ordinates arte disposed differently and the scale of tractive 
efforts is also different. In my chart, speeds are plotted as 
abscissas and tractive efforts as ordinates, because this puts the 
independent variable, speed, in the proper cartesian position 
and relation with respect to the “ function,” i.e., the tractive 
effort. In Mr. Castiglioni's chart these relations are trans¬ 
posed, which makes, apparently, the speed a function of the 
tractive effort, something not physically possible. The arrange¬ 
ment is not logical, and I fail to see that it has any advantages 
whatever to excuse it. In regard to tractive effort scales, there 
are two differences. First, I deal, in Fig. 9, with all accelerat¬ 
ing and retarding forces on the basis of their action on one ton 
of train-weight, whereas, in Mr. Castiglioni’s chart, these forces 
are dealt with on the basis of the action produced per motor. 
The advantage of this change appears very doubtful. Second, 
in Fig. 9 of my paper, the curve R represents the actual train- 
resistance per ton, same as the formula by referencfe to which 
the curve was plotted. The lines parallel with the speed-axis 
which correspond to up-grades and down-grades also, represent 
forces' per ton. The great advantage of this plan is that the 
curves R and Q and the grade-lines in my chart are definite 
and require no change with the train-load per motor. In Mr. 
Castiglioni s Fig. .22, the curve R and the grade-lines have to 
be changed every time the train-weight per motor changes. In 
my chart, a change in motor-load requires only the curves M 
and N to be changed. In reality, the curve N does not 
have to be changed, because by drawing the curve R both above 
and below the axis of speeds, as is done in Fig. 9, the net values 
of tractive effort are obtained by the difference in ordinates 
between curves M and R. As pointed out in my discussion, 
several curves of tractive effort M corresponding to different 
motors and loads, can be put on the same chart. In regard to 
the measurement of tractive effort, I still prefer to translate 
tractive effort directly into acceleration-values, and to use a 
scale of accelerations as is done in Fig, 9, because the accelera¬ 
tion-values indicated by such a scale convey a definite idea of 
what is actually happening and tell us something we want to 
know, namely, how rapidly the train is gaining or losing speed, 
at any moment. Tractive effort and acceleration bear to each 
other the relation of cause and effect. The first represents the 
agency, the second the result produced by it. In this case we 
have to measure and express a result , not a cause, and it is wrong 
to express the result in terms of the cause, A scale of accelera¬ 
tion-coefficients s'uch as used in Fig. 9 of my paper expresses 
the result produced, directly and in the correct unit, the mile 
per hour per second, (or the kilometer per hour per second), 
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which unit is now recognized and adopted internationally since 
the Turin Electrical Congress in 1911. The thought of even 
trying to express acceleration in terms of pounds of tractive 
effort per second per second is supremely ridiculous, The use 
of a scale of tractive effort in place of a scale of accelerations 
has no practical advantages and it is open to the objection 
of being both illogical and inconsistent. A scale of tractive 
efforts may be used, if desired, to supplement the scale of accel¬ 
erations, but it should never be used to replace it. In Fig. 9 
of my paper, the scale of acceleration may be converted into a 
scale of tractive efforts per ton by multiplying the acceleration 
values by the constant 91.2, In some cases, a scale of tractive 
■ efforts has been added to the chart; but tlje use of this scale 
for the purposes for which the acceleration scale is manifestly 
the proper scale has not been encouraged; and when once 
students become familiar with the theoretical principles in¬ 
volved, they see the logic and propriety of the units and scales 
used and prefer them to all others; and the scale of tractive 
efforts loses all interest and utility. 

The instances of rapid work done by Mr. Castiglioni by his 
method are very interesting as evidence of the merits of graphical 
methods. I confess that I am still a bit skeptical on the point 
of accuracy, because the possibilities of error noted in con¬ 
nection with Prof. Woodruff's method do not appear to be 
wholly eliminated, The use which is made of the speed-dis¬ 
tance curve is ingenious, but the method by which the distance 
increments are obtained, being based upon straight-line in¬ 
tegrations corresponding to average velocities, as in Prof, 
Woodruff’s method, appears to be open to the same objections 
and the same liability to cumulative errors. As pointed out 
and as shown by the comparison given in Fig, 4 of my discussion, 
this method of obtaining distance and time increments is at 
best much more laborious and far less accurate than the method 
based upon the use of the distance-time integral, as obtained 
by .the mtegraph. When the speed-distance curve is desired, 
as a supplement to the speed-time curve, it can be readily and 
quickly plotted from the distance-time curve obtained by the 
mtegraph. 

The chart method described in my 1902 paper is capable of 
doing work at least as rapidly; and, of course, from the point 
ot view of accuracy, not only in plotting the speed-time curve, 
but also and more especially the "subsidiary" curves, which, 
as shown m my paper, are the ones of greatest interest and im¬ 
portance, the chart method described in my 1902 paper, when 
used with the mtegraph, can fearlessly challenge and meet all 
methods that have come to light thus far. 1 

D. D. Ewing (communicated after adjournment); In the 
Pr fL p ^Q? rE *f h , of Jj 1 ®. P a P er i Prof. Woodruff makes-the state- 
** at * have stru £g led with the usual step-by- 
t S , i . J ®? em to acquire a new interfest in the 
subject when this method is proposed,” I wonder if this "new 
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interest”, is not, partly at least, the more or less fictitious sort 
of interest which students display whenever a short-cut method 
of any kind is proposed. In other words, it may be that they 
are more interested in finding a method of lessening their labor 
than they are in the theory of the thing they are studying. 

Viewing the method from the standpoint of a teacher of en¬ 
gineering there are the following objections to it: 1. It does 
not give the student the drill on the underlying theory of the 
curves that the step-by-step method does. The writer does 
not wish to be understood as decrying the use by students of 
graphical methods of solving problems. Such methods are 
extremely valuable whenever they enable the student to get 
a clearer conception of the problem. However, this type of 
graphical method belongs to what might be termed the “slide 
rule’'class, and just as any person of ordinary intelligence can 
be taught to solve more or less difficult problems, rapidly, with 
the slide rule, without understanding the theory underlying 
the problem, so can a person be taught to use this type of graph¬ 
ical method. Such methods tend to become mechanical, 
thereby facilitating the solution of problems. We are not so 
particular about the student’s “speed” as we are about his un¬ 
derstanding. The step-by-step method which brings in ■ the 
elementary theory underlying the construction of the curve 
in the calculations for each point gives the student a much 
firmer grasp on the theory than could any graphical method. 
2, The large number of curves on the sheet tends to confuse 
the student. This objection is so obvious that it does not need 
discussion. 

Viewed from the standpoint of the practising engineer, the 
method presents some valuable features. It is compact even 
if it is somewhat complicated. Where a large number of similar 
speed-time . curves is to be calculated, the method would 
probably effect a considerable saving in time besides elimina¬ 
ting to a large degree the mental strain that always accompanies 
analytical methods of solving problems. 

In the last sentence the statement is made that “ the method 
saves time and trouble when one has to plot but a single speed¬ 
time curve for a particular motor load.” The truth of this 
statement is not obvious. While the writer has not given this 
particular method a thorough tryout, his past experience leads 
him to believe that unless a large number of speed-time curves 
is to be calculated, the step-by-step method is the shortest, 
piovided care is taken to systematize the work. All time saved 
by the graphical method must be saved while calculating that 
part of the, acceleration line of the curve which covers the time 
during which the. motors are accelerating with line voltage 
across their, terminals. Where the runs are short, but few 
points on this part of the curve are needed and therefore there 
is little opportunity to shorten the time required for the cal¬ 
culation of the entire curve, 
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EFFECT OF ALTITUDE ON THE SPARK-OVER VOLTAGES 
OF BUSHINGS, LEADS AND INSULATORS 


BY F. W. PEEK, JR, 


Abstract of Paper 

1 he dielectric strength of air decreases with decreasing pres- 
sur e and increasing temperature; that is, with the density, 
Iheiefoie, at high altitudes where the barometric pressure is 
low, brush discharge starts and spark-over takes place at lower 
voltages than at sea level. The effect of air density on corona, 
and spark-over between spheres, etc,, has already been given, 

In the following investigation the effect of altitude and tem- 
perature on the surface spark-over of leads and insulators was 
studied by placing them in a large wooden cask and gradually 
exhausting the air. Correction factors are given for various 
standard types. The spark-over voltage decreases Z 
directly with the air density. 

The following gives an idea of the magnitude of the correction: 
25 deg spar t c '? ver voIta 2 e a certain string of insulators at 


ICv. 

Altitude 

300 

0 

250 

5,000 ft. 

205 

10,000 ft. 


Possible Loca- 
tion 

Sea level 

Denver 

Colorado 


r T , HE following investigation was made to determine the effect 
of aii density, and therefore of altitude or barometric 
pressure, and temperature, upon the spark-over voltages of leads, 
insulators, etc. 

The dielectric strength of air decreases with decreasing pres¬ 
sure and increasing temperature; that is, with the relative 
density or with the average spacing of the molecules. If the 
relative density is taken as unity at a standard pressure of 76 
cm. and a temperature of 26 deg. cent., the relative density at 
any other pressure and temperature is 

. _ 3.92 6 
273 +1 

where b = barometric pressure in cm. 
and t = temperature in degrees cent. 

For the uniform field between parallel planes the spark-over 
voltage deci eases directly with 5. If e is the spark-over voltage for 
a given spacing at 5 = 1, the spark-over voltage «i at 5 => 0.5 is 

e\ = 0.6 e 
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The effect is the same for the same value of <$ whether 8 is 
changed by temperature or by pressure. This has been shown 
elsewhere. For non-uniform fields, as those around wires 
spheres, insulators, etc., the spark-over voltage,decreases at 
a lesser rate than the air density. The theoretical reasons for 
is aye een given, as well as the laws for regular symmetrica 1 
electrodes, for cylinders, and spheres,! 

It is however, not possible to give an exact law covering all 
types of leads, insulators, etc., as every part of the surface has 
its effect. The following curves and tables give the actual test 
results on leads, insulators, and bushings of the standard types. 

I he correction factor for any other lead or insulator of the same 
type may be estimated with sufficient accuracy. When there is 
doubt, 8 may be taken as the maximum correction. It will 
generally be advisable to take 8 because the local corona point 
on leads and insulators will vary directly with 5. This is so 
because the corona must always start on an insulator in a field 
which is locally more or less uniform. 

The tests were made by placing the leads or insulators in a large 
wooden cask 2.1 meters high by 1.8 meters inside diameter, ex¬ 
hausting the air to approximately 8 - 0.5, gradually admitting 
air and taking the spark-over voltage at various densities as the 
air pressure increased, The temperature was always read, and 
varied between 16 and 25 deg. cent. The cask is shown in Fig. 1. 

. tlle start; a number of tests were made to see if a spark-over 
m the cask had any effect upon the following spark-overs by 
ionization or otherwise. It was found that a number of spark- 
overs could be made in the cask with no appreciable effect. 
Uuring the test, the air was always dried and the surfaces of the 
insulators were kept clean.J 

Table I is a typical data sheet. Tables II to yi'give even 
values of 8 and the corresponding measured correction factors, 
if the spark-over voltage is known at sea level or 5 = 1 (76 cm. 
bar., temperature 25 deg. cent.), the spark-over at any other 
value of 8 may be found by multiplying by the corresponding 
correction factor. It will be-noted that in most cases the cor- 
rection factors are very ne arly equal to 8. 

*Law of Corona II, A, X. E, E. Trans., 1912, p, 1051. ... 

thaw of Corona II, A. I, E. E. Trans,, 1912, p. 1051, and 
Law of Corona III, A. Il B. E. Trans., 1913, p. 1767, 
tin these tests, corrections have been made for wave shape, etc,, and the 
vo tages checked by sphere gap, Voltages measured by needle gap are 

incorrect and indicate higher voltages than really exist. 
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TABLE I 


Suspension Insulator 


Bar, 

cm. 

Vac. 

cm. 

Pressure 

cm, 

Temp, 

cent. 

a 

Kilovolts 

arc-over 

76.4 


38.0 

22. 

0.60 




41.1 

it 

0.64 


* f 


45.4 


C.00 



20.4 

40.0 


0.06 



23.0 

62.4 

it 

0.70 



19.3 

66. 

it 

0.74 

177.6 


17.6 

67,0 


0,77 

183.2 


16.0 

60,4 

f* 

0.80 

196.0 


TABLE II 

Leads. .(See Fig. 17) 



Correction Factor for Lead Shown in. 

Fig. Z 

Fig. 3 

Fig. 4 

Fig. 6 


m 





K J 

9 

'fe-H 







0.70 

0.74 

0.72 



0.00 

0.70 

0.06 

0.04 

0.00 

0.60 

0.01 

0.60 

0.64 

0.57 



Fig, 2—Arc-Over Voltages at Fig. 3—-Arc-Over Voltages at 
Various Densities Various Air Densities 



Various Densities 



Fig, 5—Arc-Over Voltages at 
Various Densities 
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table nr 

Post and Pin Insulators. (See Fig. 20) 



Correction Factor for Insulator Shown in 

a 

Fig. 0 

Fig. 7 

Fig. 8 


Post 

Pin 

1.00 

1.00 

1.00 

1.00 

1,00 

0.93 

0.01 

0.04 

0.80 

0.84 

0.81 

'0.80 

0.70 

0.76 

0.73 

0.70 

0,60 

0,08 

0.02 

0.05 

0.50 

0.60 

0.52 

0.53 



0 0.2 0 A 0.6 0.# |.o- 

-RELATIVE DENSITY 


Pig. 6—Arc-Over Voltages at 
Various Air Densities, 



Fig. 7—Arc-Over Voltages at 
Various Densities 
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Fig. 8 Arc-Over Voltages at 
Various Densities 
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TABLE IV 

Suspension Insulator Pic. 9. (See Piga. 18 and 10) 

Correction Factor for Units in String as 
_follows 


1.00 
0.00 
0.80 
0.70 
o; oo 

0.50 


Number of Units 


1 

2 

3 

4 

5 

1.00 

1.00 









0,01 


0.80 



0.80 


0.70 



0.80 

0.00 




0.72 

0.55 

0,50 j 

.... 

.... 



Pig. 9—Abc-Over Voltages at 
Various Air Densities 



















PEEK: SPARK-OVER VOLTAGES 

TABLE VI 

Suspension Insulator, Pig, 11, (See Pigs, 18 and ID) 


Correction Factor for Unite in String as follows 


Number of Units 


IIWilR 


gUpwffBBlWfaisasi 


RELATIVE DENSITY 

Fic, 11 —Arc-Over Voltages at 
Various Air Densities 


PELATIVE DENSITY 


Fig. 12^-Arc-Over Voltages at 
Various Air Densities 


■sss 

■SlSill-SIslil 

KaaMM 


Fig. 13—Arc-Over Voltages at 
Various Air Densities 

Horn gap spnrk-over, Gap spacing 14 cm, 
Diameter of horna 1,37 cm, 


Fig, 14—Arc-Over Voltages at 
Various Air Densities 
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Pig. 15 is a curve giving different altitudes and corresponding 
? at ' 25de f cent - If the spark-over voltage is known at sea 
level at 25 deg. cent., the spark-over voltage at any other altitude 
may be e timated by multiplying by the corresponding 8, or more 
closely, if the design is the same as any in the tables, by the cor¬ 
rection factor corresponding to 8. If the local corona starting 
point is known at sea level, it may be found for any altitude by 
multiplying by the corresponding 8. The barometric pressure 
corresponding to different altitudes is given in Fig. 16. Figs. 17 
to 20 show the insulators used in these tests. 



As an example of the methods of making corrections: assume 
a suspension insulator string of four units with a spark-over 
voltage of 205 kv. (at sea level, 25 deg. cent, temperature). 

L What IS the spark-over voltage at 9000 ft. elevation and 
25 deg, cent.? 

From Fig. 15, the 5 corresponding to 9000 ft. is 


5 - 0.71 


Then the approximate spark-over voltage at 9000 ft., 25 des¬ 
cent., is 1 B 

«i “ 0.71 X 205 = 145 kv. 


PLATE CXUV. 

A. I. E. E, 

VOL. XXXIII, 1914 



[PBKK] 

Fig, 17 —Spark-Over Taken on Upper Part of Lead— Lower Part 

in Oil 

Numerals refer to figure number of data curve. 



irivnivj 

aig. IS— Iypes of Porcelain Insulators Tested at Various Air 

Densities 

Numerals refer to fitjure number of data curve. 





PLATE CXLV. 

A. I, E. E. 

VOL, XXXIII, 1914 



[PBRK] 

Fig. 19—Types of Porcelain Insulators Tested at Various Aik 

Densities 

Numerals refer to figure number of data curve. 


[pxek| 

Fig. 20—Types of Porcelain Insulators Tested at Various Air 

Densities 

Numerals refer to figure number of data curve. 
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If this happens to be' the insulator of Fig. 10, the correction 
factor corresponding to 8 — 0.71 is found in Table V, by inter¬ 
polation, to be0.73. The actual spark-over voltage for this special 
case is 

ei = 0.73 X 205 = 150 lev. 

The first estimate is on the safe side and close enough for all 
practical purposes. Thus, for practical work the correction 
may generally be made directly by use of Fig. 15. 

The spark-over voltage of an insulator is 100 lev. at 70 cm. 

15000 

M000 

>3000 

12000 

11000 

IQ00G 

l . 9000 
uj 

J 8000 

§ 7000 
6 6000 
5000 
4000 
3000 
2000 
1000 


barometer and 20 deg. cent. What is the approximate spark- 
over voltage at 50 cm. barometer and 10 t deg. cent,? 
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If the local corona starting point is known at sav i , 

£.T?£ S£s dosdy for “ y 

day 1Wi “ —*■* fro ra 

different units. The humidity vo ! 6 ^ a SO + . SOme variation for 
is possibly as high as 7 nTr f ^ V™* 0 * on the insulator 
tests of different fvr.rJ u 1 ? m day 1:0 day. Comparative 
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INSULATOR DEPRECIATION AND EFFECT ON 
OPERATION 


BY A. O. AUSTIN 


Abstract of Paper 

Investigation shows that insulator trouble increasing with 
time is not ducHo fatigue in the material under applied working 
loads, but rather to depreciation caused by the absorption of 
water by porous material or by the cracking of the dielectric 
from high' internal mechanical stress set up by uneven tempera¬ 
ture in the dielectric, or by greater expansion of cement or metal, 
or stress from a combination of these. 

The shape of the dielectric may cause high maximum stresses 
under comparatively mild conditions, necessitating tho working 
of material with a lower factor of safety than that permissible 
even in steel work, Tho high maximum internal stress under 
, which insulators operate will cause considerable depreciation in 
some types through cracking, necessitating a careful study of the 
effect of depreciation upon the operation of the system. Trouble 
comes largely through the matching up of faulty parts so that 
the remainder of the insulator will be destroyed by a compara¬ 
tively mild surge. Applying tile theory of probability, it is 
then possible to obtain a relative operating hazard for the in¬ 
sulator under the same conditions or for varying degrees of de¬ 
preciation, 

An equation for the operating hazard may he developed which 
gives a good idea of the relative economic importance of the 
number of sections in the insulator, the magnitude of the switch¬ 
ing surge and the rate of depreciation as affecting the reliability 
of the system. 

The study of depreciation shows that routine tests which will ■ 
tend to eliminate future depreciation, or refinements in the me¬ 
chanical features of tho Insulator, are of far more importance in 
producing reliability than tho designing of insulators to with¬ 
stand extremely severe dielectric design tests, for insulators 
which may have extremely high dielectric strength will cause 
trouble through cracking from internal stress. 

r "pHE growing investments dependent upon the transmission 
*■ line make the study of factors governing reliability in 
the insulator of ever-increasing economic importance. In view of 
this, it is hoped that this article will throw some light on insula¬ 
tor failures and be of assistance in deciding on the refinements 
and size of insulator necessary for a given system. 

Eveij with more severe conditions placed on the insulator, 
recent lines have continued to make a much hotter showing. 
Some systems have had no insulator failures, while others have 
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operated for a period of several years only to run into increasing 
trouble, in some instances necessitating the entire reinsulating 
of the line, 

Where insulator trouble increases with time, it is only nat* 
ural to attribute the trouble to fatigue in the insulator. Upon 
looking into the subject, however, it is evident that this is not 
necessarily the case, for the failures may be due to a number of 
entirely different causes. 

Suspension insulators give the best available data, although 
failures of pin type insulators have been far more numerous, 
in some instances a visual inspection showing cracks developed 
in over 60 per cent of the insulators. „ 

A few pin type insulators which have cracked after several 
years’ service are shown in Fig, 1. An examination of this class 
of failure shows that there must be a strong radial force which 
splits the outer parts or shears the head of the cylinder from the 
side wall, This force can come from several sources, but as the 
porcelain does not seem to be appreciably affected either me¬ 
chanically or electrically outside of the cracks it would appear 
that the breakdown is due more to a rather high stress, than to a 
low stress acting for a long time. 

It is quite likely that the stress set up is that due to uneven 
expansion from varying temperature and from an expansion of 
the cement. 

Porcelain, like most dielectrics, is a very poor conductor of 
heat, so if the insulator has become hot in the sun or from sur¬ 
face leakage, and is then suddenly cooled by rain, there will be 
a considerable difference in temperature between the outer and 
inner parts. This difference in temperature may set up an aver¬ 
age tensile stress of several hundred pounds in the outer members. 

This average stress is hardly high enough to cause any damage, 
but the shape of the dielectric may be such that a very high maxi¬ 
mum stress is set up, causing a! crack, as along AB in Fig, 2. 

There is no doubt that the defect comes from internal stress, 
but as this stress may be set up by uneven temperature and 
expansion in the dielectric or by cement expansioir, it is not easy 
to determine the cause. 

_ Tests on the insulators show that there may be considerable 
difference in temperature between inner and outer surfaces which 
may account for destructive stresses in some instances, but hardly 
accounts for failures in other cases, particularly where insulators 
have been known to crack in storerooms and in protected places 
where there has been no sudden change of temperature. 
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, It is also significant that trouble usually develops at railway 
crossings first. While it is possible that, the insulators maybe- 
come hotter, owing to the black surface or increased leakage, it 
appears that the sulphur fumes in the smoke attack the cement 
and increase the crystalline growth, presumably of calcium sul¬ 
phate. This crystallization causes expansion, setting up a stress 
which, combined with that due to difference in temperature, may 
produce exceedingly high strains. 

It is not surprising that there should be some trouble from 
cement expansion, for in general, little attention has been given 



Fl0 ‘ 2 Fig. 3 


to this rather difficult subject, and even where there has been, 
it is difficult to predict expansion from the formation of acids by 
static discharge in the cement or effect of continued weathering. 

Owing to deficiency in mechanical strength, European porcelain 
does not seem to withstand the mechanical stress very satis¬ 
factorily, and it has been general practise abroad to avoid ce¬ 
menting, or to use special cements at greatly increased cost. 

A microscopic examination of the cement sometimes shows a 
marked crystalline growth in the cement, particularly where the 
insulators are near railroad crossings, or in cement exposed to 
continued weathering, ' 
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Fig. 4 is reproduced from a photomicrograph of cement taken 
from the insulator on the right of Fig, 1. Taken at a magnifica¬ 
tion of 49 diameters, a few crystal growths are visible. Fig. 5 
shows a marked growth in the cement from a strain insulator. 
These insulators gave trouble in a little over a year, so it is evi¬ 
dent that cement expansion played an important part in causing 
failure. 

Fig, 2 shows a section of an ordinary pin-type insulator which 
usually cracks along the line AB. It is readily seen that a con¬ 
traction of the outer part or expansion from the cement will set 
up a very high stress along AB. As this stress is highly concen¬ 
trated in most insulators, owing to two components at nearly 
a right angle, the break often occurs through a very thick part,. 

The large cement spaces and shape of the insulator greatly 
increase the hazard or danger of cracking in the insulator shown 
in Fig. 2. In Fig. 3 is shown one of the later designs of insulators 
which have proved to be practically proof against lightning and it 
is evident that the stress set up by uneven heating or cement will 
not only be less, but the strength of the parts resisting these 
stresses will be greater. 

This type of insulator has low working stresses, so it is possible 
that high-frequency disturbances which would cause a con¬ 
siderable heating of the cement in the insulator shown in Fig, 2 
would have little or no effect on the insulator shown in Fig, 3. 
Also refinements in cement, or the: elimination of a portion of the 
stress by dipping the ends of the shells in an elastic varnish or 
wax, or the insertion of a cushion, which would be beneficial in 
Fig. 2, would be entirely unnecessary in Fig, 3. 

The material is so distributed in the later types of insulators 
that not only are exceedingly high tests obtained on the parts, 
but a small protecting air path is provided between conductor 
and pm to act as a safety valve for surges. 

Fig. 6 shows an improved insulator, a section of which is shown 

/ok c ' 3 ’ flashin g over at 216 kv. for a striking distance of 14 in. 
(35.5 cm,), and having a total part test of over 300 kv. 

There is nothing in practise to show that anything would 
be gained by increasing the conductivity of the cement in insu¬ 
lators of this type or metallizing the surfaces to reduce heating 
from flow of charging current under high-frequency surges, 
although tests on the oscillatory transformer may show that this 
}s beneficial in the ordinary insulator with its high charging 
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Pig. 7 shows typical breaks in two different suspension insu¬ 
lators. On the left is shown a disk with crack in the groove at 
the shoulder from combined expansion of the cap and cement 
exposed to weathering., The stress is concentrated by the shape 
of the insulator and the cement groove. This groove affects the 
strength somewhat like a scratch in a pane of glass. Insulators 
may also be cracked slightly at this point by too high mechanical 
tests or rough handling, although there is no outward sign. The 
elimination of the cement next to the flange and the substitution 
of a sanded surface in place of the grooves for holding the cement 
greatly reduces t^e maximum stress. 

To the right of Fig, 7 is shown a failure in an insulator of 
similar design but of different material. These insulators have 
transverse cracks in the bottom of the grooves, showing that the 
insulators would not withstand the elongation of the metal under 
the highest working temperature. A higher assembly tempera¬ 
ture would improve this or preferably a sanded surface in place 
of grooves, for the latter would be free from the objection, of high 
shearing stresses in cold weather. 

A magnified view of a sanded surface is shown in Fig, 8, In 
addition to eliminating grooves which tend to concentrate both 
electrical and mechanical stress, this surface is of equal gripping 
efficiency in any direction. This latter property greatly reduces 
the maximum stress set up in insulators working under heavy 
mechanical loads. 

As there are records of insulators working under loads which 
set up stresses of at least 50 per cent of the ultimate, it seems quite 
probable that most mechanical failures are due to stresses very 
much higher than have been thought possible. 

It is possible that vibratory stresses which are most severe 
in dead-end insulators may cause a breakdown of the dielectric 
structure which, with the greater weathering, may account for the 
very much poorer showing made by dead-end insulators in some 
eases. 

It is certain that, where the maximum stress is very high and 
fluctuating with temperature, it will be only a matter of time 
before the molecular structure of the dielectric will be destroyed. 
Where this is combined with an increasing stress from cement 
expansion it is apparent that failures may be very serious in 
time, although there is little evidence of this during the early 
years of operation. 

While only defects frpjj) mechanical stresses have been con- 
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sidered, there are others of an electrical nature that,are always 
present and in many instances are far more serious. 

Good porcelain will withstand considerable heat, so material 
which acts as a resistor may pass electrical tests successfully, only 
to depreciate very rapidly in service owing to the absorption of 
water, which greatly lowers the resistance. 

Porous material or that which lacks vitrification, while with¬ 
standing high voltages at time of installation, gradually loses its 
ability to carry electrical stress. Where the absorption is slight 
the insulator may have an appreciable amount of dielectric 
strength after anumber of years, but where the absorption is large 
there will be little insulation in a year or so. r On some of the 
earlier lines there was a large percentage of porous ware, which 
accounts for the poor operation until this material was weeded 
out. 

An investigation of one of the large systems showed that out of 
2 per cent of insulators shown to be weak by the megger, at 
least 1.4 per cent were poor owing to lack of vitrification, and 
could be detected by the trained eye. 

Of the remainder, part were defective owing to porous streaks 
or the developing of faults left by the burning out of lint or other 
impurities. This really made the percentage of insulators which 
were poor, owing to conduction, over 1,4 per cent, It was not 
possible to classify some of the remainder outside of those having 
failed by cracking. 

Pig. 9 shows a small fault detected by the megger and later 
burned by a very small current, 

Porous insulators, while forming by far the largest percentage 
of defective members in the better designed insulators, can be 
detected to a large extent by Mr. Gaby's megger method and re¬ 
moved from the line. 

Poi the factory use, it is advisable to use a more sensitive 
instrument than the megger in order to detect insulators which 
have very minute defects or are only very slightly deficient in 
insulation. 

Fig. 10 shows a galvanometer which may be worked on a very 
high diiect voltage obtained by rectifying and charging from the 
peak of the wave. Surface leakage has given considerable trouble, 
but it is hoped that improved means for shunting this surface 
leakage current will make this method very valuable. 

Failures from electrical stress may be gradual, for it is possible 
to puncture porcelain several times, where the flow of current is 
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extremely small, before complete failure occurs. For this reason 
surges sometimes do considerable damage to a system arid their 
effect is not noticeable until the cumulative damage causes a com¬ 
plete breakdown. 

Since the static breakdown is in the nature of a very slight me¬ 
chanical fault, it is not surprising that a comparatively low elec¬ 
trical or a mechanical stress will cause complete breakdown in 
time. 

The success of some of the later types of insulators, however, 
shows that there is little to be feared from static puncture as 
compared to some of the other defects in the insulator. 



In well-insulated lines, trouble comes not by the depreciation 
of the insulators as a whole, but by the matching up of defective 
parts in a single insulator or string such that the normal voltage 
or a switching surge causes the insulator to spill over or puncture. 
Just what the factors governing this are, was not apparent until 
some recent investigations caused this matter to be investigated 
and more thoroughly analyzed. 

The investigation of some of the systems shows that there 
is practically no successive breakdown in the insulator, and that 
faulty members are about equally distributed throughout the 
string. This, with the total absence of punctures during several 
years’ operation on lines like the Shawinigan Water and Power 
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Company, Pig. 11, and the 140-kv. Au Sable Electric Company's 
line, Fig. 12, shows that there is little danger of puncture from 
high-frequency surges where the insulator is made up of six of 
more closely spaced, well tested sections. 

Lines of this class have also shown that the modern line is 
practically lightning-proof, for these systems have not averaged 
one lockout in two years from the spilling of insulators, from 
lightning or any other cause. This performance has, of course, 
been much better than was thought possible when the lines were 
insulated, and shows that spill-overs which have caused so much 
trouble on some lines can be prevented On a mew system at a 
comparatively low cost for insulation. 

The big problem in line insulation is not so much to design for 
high-frequency but first of all to prevent depreciation as far as 
possible, or at least to minimize the danger due to matching up 
of faulty parts in the insulator, for it is evident that if an insulator 
has a large number of parts which become bad through absorp¬ 
tion or cracking, trouble is sure to follow, regardless of the fine 
showing of an insulator,on high-frequency tests. 

Since the line trouble on the better insulated lines will come 
from the matching up of parts in the insulators which have be¬ 
come bad with time, rather than from lack of dielectric strength 
provided by the design, it is necessary that we recognize these 
conditions in order that the good operation of the system be main¬ 
tained or established economically. To this end it is well to 
consider the probability of trouble from this source and analyze 
the problem, in order that the relative importance of the factors 
governing the matching up of the faulty parts to the danger point 
may be obtained. 

Let p - per cent depreciation, or average number of parts bad 
in 100. 

n = number of parts or disks in the insulator or string, 
b ~ number of parts which may be bad in a single string 
when danger point is reached, 
g == '(»— b) — number of good parts in insulator when 
danger point is reached, 

P =• probability of a string being dangerous, 

N = number of strings on the system. 

From the theory of probabilities it follows that the probability 
of all the parts in a given insulator being faulty will then be 

<»> 
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Switching surges, however, will usually spill or puncture 
several parts, so it is necessary to assume a dangerous condition 
when only a portion of the insulator is bad. Equation (1) is then 
important only when the line is insulated with a single part or has 
not carried voltage. 

Where the danger point is reached when there are b parts bad, 
the probability of a string being dangerous becomes 


I Gfe) (* 


The above follows from equation (1), for as we are concerned 
with the matching up of b units only, n becomes b in the per¬ 
mutation, and as all the units contribute to make up the faulty 
b members the percentage depreciation must be increased by 

b ' 

Substituting (« — b) for g in (2) gives 



« ' 

( pn y 

■ 1 

V.100 b) 

' w ' t 


In order to obtain the number of dangerous strings or insulators 
on the system, it is then necessary to multiply P by the total num¬ 
ber of strings on the system, or 


/ pn y 

\ 100 b) 


gives the probable number of dangerous strings on the system. 

In Fig, 13 are shown some curves where the minimum insula¬ 
tion is maintained for various number of parts n in the insulator. 
These curves show that a line having only 2 per cent depreciation 
and a switching surge that would spill two parts would have 30 
dangerous strings in 1000 strings, where there were only three 
sections in the insulator. The addition of another part, however, 
reduces this hazard about 95 per cent and the addition of still 
another part reduces the probable dangerous strings to 0,064 
in 1000 strings. 
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, ^ese curves show the economic importance of having a suffi¬ 
cient number of parts in the insulator in order to produce relia¬ 
bility. 

Operation bears out these curves, for systems which were 
under-insulated have been very greatly improved by slightly 
increasing the insulation. 

In Figs. 14 and 15 is shown the effect of varying depreciation 


•Affected |,y odditlon of sections io the string 


NO, SECTIONS TO 8TFNMQ 

Pig. 13 


for different insulators where the number of parts and minimum 
possible insulation is constant. 

These curves show that the operating hazard increases very 
rapidly with the increase in the rate of depreciation, particularly 
for insulators which have only a small margin above the switch¬ 
ing surge, It is also apparent that the reduction in the magni¬ 
tude of the switching surge which allows an increase in b for a 
given insulator will greatly improve the operation of a system. 
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This point should not be overlooked, for it is of considerable 
economic importance, as resistance or reactance in the switch 
costs but little compared to an increase in the total insulation 
of the system. The curves also show that the advantage gained 
by building up the voltage and the elimination of the switching 
surge should not be underestimated, particularly where the sys¬ 
tem is having trouble. 



t I 13 4 i 6 7 8 9 10 l| 12 1} U IS 

i’tn cent DEreoTive. p 


Fig. 14 

Space will hardly permit at this time of a thorough discussion 
of the relative economic importance of the effect of depreciation, 
number of sections, or the magnitude of switching surge on the 
reliability of the system, but the curves will give a very good 
idea of the vast importance of the matching up of defective 
insulators in producing line trouble. 

Where the depreciation is due to porous material, ‘ ‘meggering'' 
of the line will weed out this material and the operation will be 
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fator t iST d -- If ’ hoWever - the illtern al Stress in the insu- 
lator is high causing the insulator to fail at an increasing rate 

it m Ug i Cracking after several y^' operation, it is evident that 

n S7 me ^ diffiCUlt t0 maintain the best of opeltion 
unless the line is gone over quite, frequently. Trouble from the 

hrou„hL!h! e r d bydistributin S insulation uniformly 
throughout the different insulator strings. y 



average staMiulul? “Ti'' 8 Z ° mes not from th « insulator ol 

S2 ,nSOl f ” T^Wenumbe, 

° f wit ‘““‘“‘T 

jecW to a flair thSt ™ m thouf:h ,h « insulator is sub- 

with the increase™'aeT'b ' Pl ; 0babllity o£ decreases 
insuiateran.that.,^^"--^ 
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conditions, while an insulator composed of a few sections may 
fail, owing'to lack of sufficient factor of safety, although the flash¬ 
ing voltage was much lower. 

Since we have plenty of evidence to indicate that there is 
little to be feared in the large insulator, it is apparent that where 
failures occur it is usually due to the lack of factor of safety 
in the remaining good insulators in a string, 



Pig. 17 


The use of discharge horns and very closely spaced insulators 
improves the factor of safety for an insulator having only a few 
units. 1 The insulator of this type is shown in Fig. 16. Fig. 17 
shows curves based on this insulator and it is apparent that while 
the discharge points on the clamp greatly improve the factor of 
safety for a few units they do not materially improve the factor 
of safety for a long string. Since, however, depreciation is likely 
to reduce the total number of good units in a string, it is advisable 
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to use the discharge points in order that the remaining sections 
will tend to flash over rather than puncture. 

It is not advisable, however, to obtain a very high factor of 
safety in this way, otherwise there may be too many spill-overs 
on the line, causing interruptions which may be even more serious 
than punctures where the discharge points were not used. 

It becomes more apparent every day that a transmission line 
is like a chain in that it is no stronger than its weakest links, and 
if we are to improve operation we must give the factors govern¬ 
ing these weak links proper consideration. 

Improved mechanics in the' insulator and test methods will 
do much to improve the reliability and life of future lines, as 
there seems to be little or no depreciation in the material where 
there is a good margin of safety. 

It must be remembered that even a slight degree of insulator 
depreciation produces an operating hazard through the match¬ 
ing up of weak parts, and may cause trouble, whereas a much 
higher degree of depreciation on other parts or apparatus on 
the system may cause no interruption, nor give any direct evi¬ 
dence, and may be overlooked. Even with the high working 
stresses set up in the dielectric, it is doubtful if insulator de¬ 
preciation is much, if any, greater than that of much of the 
other apparatus on the system, and attention to the factors 
causing trouble through depreciation will do much to improve 
operation of present or future systems. 
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Discussion on “ Effect of Altitude on the Spark-Over 
Voltages of Bushings, Leads and Insulators’’ (Peek), 
and “ Insulator Depreciation and Effect on Opera¬ 
tion” (Austin), Nmv York, December 11, 1914. 


Harvey L, Curtis: For many years it has been known that 
there may be considerable leakage over the surface of insulators. 
However, it is only within a comparatively short time that 
quantitative measurements have been made. The present in¬ 
vestigation* was undertaken to determine the conditions under 
which. leakage would become troublesome in the use of elec¬ 
trical instruments. It has been extended to cover a considera- 
able number of insulators; and for these the effects of temper¬ 
ature, humidity, yoltage and exposure to light were studied. 

The samples of materials were 


obtained, whenever possible, in 
plates 10 cm. square by 1 cm. 
thick. Metal strips 1 cm. wide 
were .clamped to this with their 
adjacent edges 1 cm. apart, as 
shown in Fig. 1. The resistance 
was measured between strips A and 
strips B, The surface resistivity 
is assumed to be twenty times 
the resistance measured. While 
this is not strictly true, since 
there is leakage over the edges as 
well as over the face of the speci¬ 
men, yet the correction is too 
small to take account of in the 



Pig. 1 


present work. To insure good contact, tinfoil was wrapped 
around the metal strips and carefully pressed against the surface 
of the insulator along, the inside edge of each, strip, 

To determine the effect of temperature and humidity it was 
necessary to place the samples in a case, the temperature and 
humidity of which could be maintained constant. The tem¬ 
perature was maintained constant by a vapor pressure ther¬ 
mostat. The humidity was regulated by placing in the case 
an open vessel containing a sulphuric acid solution of the proper 
strength to give the desired humidity. The air was thoroughly 
stirred by an eight-inch fan, the driving motor being outside 
of the case. The leads to the specimens were brought out 
through blocks of paraffin on the top of the case, These were 
melted together, so that the case was sealed almost air-tight. 
A glass window permitted the reading of the temperature and 
humidity. 

The humidity was measured by determining the temperature 
at which dew wo uld form, on a polished metal surface. The 

*A paper, entitled "The Insulating Properties o£ Solid Dielectrics," has 
been published as Scientific Paper No. 234 of the Bureau of Standards. 
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deposit of dew was usually obtained by circulating cold water 
through a metal tube, but for very low humidities it was found 
necessary to use alcohol in the tube and cool it by adding; car¬ 
bon dioxide snow. 

In measuring the resistance, high accuracy was not required. 
An accuracy of 10 per cent was considered sufficient, As a 
large number of samples were measured, and each sample 
measured several times, it was necessary to arrange the ap¬ 
paratus so that it could be worked rapidly. To do this a con¬ 
denser of suitable capacity was connected in parallel with a 
sensitive galvanometer. The galvanometer, which had a wide 
lange of shunts, was placed directly in the circuit with the 
battery and resistance to be measured. If the current was 
sufficient to produce a readable deflection, The galvanometer 
was used as an ammeter. If the current was so small that it 
could not be read on the galvanometer, the galvanometer only 
was taken out of circuit, and the current which flowed over 
the surfa.ce of the specimen, was collected on the condenser. 
Alter a known interval of time the galvanometer was again 
connected, so that the charge which had accumulated on the 
condenser was discharged through the galvanometer. From 
the time of leakage, the voltage of the battery, and the con¬ 
stant and deflection of the galvanometer, the resistance can 
be computed. 

The current which flows between two conductors, maintained 
at different potentials and insulated from each other by a solid 
material, is made up of two parts; that which flows through 
the insulator proper, and that which flows through a film of ' 
moisture or other conducting material on the surface of the 
insulator. The relative importance of these will depend on 
the resistance of the two paths.. Since water, even if very pure, 
conducts much better than the ordinary solid insulators, a very 

insulator ° f Water may have much leSs resistance than the 

Before discussing these further, some definitions are desirable, 
the volume resistivity, p, of a material is defined as the re¬ 
sistance between two opposite faces of a centimeter cube. From 

it foflmv^tft 13 betWeen the size and the resistance of a specimen 


R 


Pi 


or p = 


RA 

l 


SEE f % the stance of a cylinder of cross-section A and 
length l. By analogy we shall define the surface resistivity as 

whinh ll nce b ? twe ? n two opposite edges of a surface film 
surface centimeter square. If the film is uniform over a 


a = 


R'b 

l 
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where a is the surface resistivity and R' the resistance of a 
rectangle of the film of length l and breadth b. 

Since our measurements show that the surface film is largely 
moisture condensed from the surrounding atmosphere, the at¬ 
mospheric humidity will largely determine the surface resistivity 
of a material. However, it is to be expected that the temperature 
of the specimen will be of some influence. Also since chemical 
changes are often produced by exposure to light, the surface 
resistivity of a material may be affected by such an exposure. 

It might be expected that the applied voltage would affect 
the surface resistance, but, though voltages from 2 to 200 were 
used in some cases, no change in resistance was observed, At 
high humidities ttye resistance frequently changed by as much 
as a factor of 10 m the first minute after closing the key—in¬ 
creasing with some samples, decreasing with others. No cause 
for this behavior has been found. The value at the end of 
one minute has been taken as the correct value. 

. The results of our experimental work show that, for prac¬ 
tical work in the laboratory, changes in surface leakage due to 
changes in temperature are of so little importance compared 
to the changes in resistance due to changes in relative humidity 
that they may be neglected. It is not to be supposed that 
this will hold for temperatures considerably removed from those 
used in this investigation; viz. 20 to 30 deg. cent. 

In order to determine the effect of humidity upon the surface 
resistance, a number of samples were placed in the case whose 
temperature and humidity could be controlled. Measurements 
of the resistance were then made, but with an interval of at 
least one da.y after each change of humidity. After computing 
and tabulating the results, a curve was plotted for each .sample 
showing its change of surface resistivity with the humidity. 
Nearly two hundred such curves have been plotted, From 
these, the curves given at the end of this discussion were se¬ 
lected. 

Except in a few cases where it was desired to show the effect 
of cleaning, the samples were cleaned in the same manner and 
to the same, extent as would be done in practical work; i,e., 
they were wiped with a cloth or dusted with a brush. 

All of the curves of surface resistivity are plotted on the 
same scale,, so that they can be readily compared. In order 
to make this possible, the logarithm of the surface resistivity 
is plotted as ordinate, so that the actual values of the surface 
resistivity progress by powers of 10. In this manner very large 
changes of resistance can be shown on one sheet. The abscissa 
is the per cent of relative humidity. 

Exposure to^ light may. produce a chemical change at or near 
the surface. This chemical change ma}' change the appear¬ 
ance of the material as well as the surface resistivity. How¬ 
ever, there does, not appear to be any connection between the 
two. Some samples, which show a very pronounced change 
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f a PP earance , show very little change in surface resistivity, 
the reverse is sometimes the case, As the chemical changes 
p oduced by sunlight take place very slowly, the number of 
specimens examined has been limited. The major portion of 
the work has been done upon hard rubber, where the changes 
take place rather rapidly. % 

nf ^ r < T urv , e lowing the change in surface resistance 

Tn rubber which was exposed to sunlight. 

hi M l im U 'S e sam P le > which had deteriorated, was cleaned 
by washing m distilled water. This restored it to its original 
value, but the deterioration again proceeded rapidly. 

the deterioration of some other materials when exposed to 
h “ studied. In general it may be said that in 
no case is the deterioration as rapid as in the else of hard rubber. 
In some cases no effect has been observed. 

In conclusion it may be stated that the surface leakage of 



Fig. 2 

the majority of materials varies greatly with the humidity nf 
he surrounding air. This is due to th/ fita of molZe Sioh 
IS condensed upon the surface. Any condition which at a 
gl 7. ei * remudity, will decrease the condensation of moisture or 

ttetriat * COndUC “ V “ y ° £ the wate 

had been exposed to strong sunlight for several months Tt 
W1 [ 1 , be noticed that between 0 and 50 per cent humiditv the new 
rubber changes but little, while above 

Is e wTt°50 ne ^ resistivity is one tnilS titS 

as large a,t 50 pe! cent humidity as at 90 per cent With rim 

rubber which had been exposed to the light the changes in re- 

rlricrif 6 C °f t ’, mie UntiI . the lowest humidity is reached The 
resistance of these specimens at very low humidity is 10 11 ' times 
or one huudrod billion times as gU as bS ™ s “au« al 






j > 

1914 1 DISCUSSION AT NEW YORK 1740 

P® r “nt humidity, It will be seen that very slight changes 
or the humidity will affect the insulation in a very marked 
; ■ manner. 



Other samples of hard rubber have been tested, and those 
given may be taken as representative of the best grades of hard 
rubber. Of the two kinds whose curves are given, the imported 
rubber has a finer texture, and can be worked and polished 



better than the American rubber. However, all the tests upon 
the insulation show that the American rubber is the better in¬ 
sulator. This shows how difficult it is to connect the insulating 
properties with the mechanical properties. 
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Three of the curves given in Fig, 4 are for amber and amber¬ 
like materials. The sample of amber was a piece of clear native 
amber, the surface of which had been carefully polished. This 
is one of the few cases where only a single sample was measured. 
The amberite was a sample of the material which is made by 
compressing scrap amber. This material under the name of 
amberite or ambroid is now extensively used and it is apparent 
that so far as surface leakage is concerned it is the equal of 
native amber. In working with this material it was found that 
the specimen must be well cleaned to get the. best results. 
Apparently handling with the fingers leaves a deposit of vari¬ 
ous deliquescent salts which condense moisture and lower the 
conductivity at the higher humidities. The glyptol is an arti¬ 
ficial resin, resembling amber. 



,'lhree diffeient samples of sulphur were tested. They showed 
wide variations. The curve which is given lay between those 
of the other samples. Threlfall states that sulphur heated just 
to its melting point and then cooled has better insulating prop¬ 
el ties than that which'has been heated to a higher temperature 
before _ cooling. The sample of celluloid was a piece of clear 
celluloid. Several samples were tested having various amounts 
of coloring mattei and filler, but the surface resistivity was sub¬ 
stantially the same for all. Ivory can not be considered as a 
material having high insulating properties. A substitute, white 
galalith, is somewhat better. 

In Fig. 5 the behavior of fused quartz and certain kinds of 
ordinary glass is shown. Several samples of quartz were tested, 
but the two curves given were for the same sample. The 
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sample from which the curve marked “ fused quartz” was 
obtained was cleaned in the same maimer as other samples, 
but no special care was taken. It was then carefully cleaned in 
strong chromic acid, washed in distilled water, and dried before 
obtaining the curve marked “fused quartz, cleaned.” The 
surface was thus well freed from foreign substances. At low 
humidities there was no difference in the two specimens. At 
higher humidities there was a large difference, amounting to as 
much as a factor of ten thousand. This may be due to the 
lack of condensation of moisture on the cleaned specimen or 
to the fact that the water which is condensed has a lower con¬ 
ductivity . Doubtless both of these causes play a part. 

The statement is sometimes made that the method of manu¬ 
facture of fused quartz very decidedly affects the insulating 
properties of the product. This has not been substantiated 
by the results obtained in the course of this investigation. 



A piece of old quartz tubing made by Iieraeus in 1904 was 
measured at the same time and under the same conditions as 
the sample marked quartz, cleaned.” The results were prac¬ 
tically identical. Another sample of inferior manufacture gave 
under the same conditions, the same results as given by the 
curve marked “ fused quartz.” h y J e 

^he curves for three kinds of glass are given in Figs. 5 and 6. 

, Kavalier glass is a very hard combustipn tubing having 
a large potassium and calcium content and a small amount of 
German glass is a soft glass tubing such as is 
usually ,used m glass blowing. The plate glass was a piece 
fiom a plate-glass window. It will be noticed that the curves 
fall very sharply at about 30 per cent humidity, and that 
above 70 per cent humidity the change is not so marked These 
samples were tested twice, with the results as given. Later 
they were cleaned with chromic acid in the manner described 












1762 


INSULA TORS 


[Dec. 11 


for quartz and the resistances measured a third time. While 
the results did not show such marked changes as in the case of 
quartz, they were all in the same direction. Also the effect was 
most pronounced on the hard Kavalier glass and least so on the 
plate glass. It is known that the Kavalier glass is less soluble* 
than the other forms. Hence it is quite probable that the dif¬ 
ference may largely be due to the difference in the conductivity 
of the water solution on the surface. 

In Fig. 6 are also given curves for glazed and unglazed por¬ 
celain. _ The glazed porcelain was the base of a small porce¬ 
lain switch, while the unglazed was a plate such as is used in 
chemical work. 

In Fig. 7 are grouped the curves of some of the poorer insula¬ 
tors, together with some curves showing the'effect of impregnat¬ 



ing them with paraffin. _ Ihe slate was taken from the base 
of a switch and its origin is not known. The source of the 
marbles is stated on the curves. All were free from metallic 
a " d wef e th e equal of any that are used in switchboard 
constiuction. It appears that the coloring material in rhn 

s«SeS;i?” neS5e,! marbkS h * S very “ ttle °n 

The marble and the different varieties of wood were imnretr- 
nated with paraffin by keeping them in molten paraffin until 
no more air bubbles were given off. After ennlinrr <-i,„ ,, , 

was planed and the marble sandpapered so that the resistance 
was measured over a surface of wood or marble wffh maffin 
filling the pores and not over a layer of par affin on the surface. 

‘Hovestadt: Jena glass, p. 333. ~ ~ ---- 
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woods of more open grain, such as mahogany and poplar, 
maple a S ° meWiat llg b er insulation than the closer-grained 

;«^i ie +'P ar f? 1 2 ed marl:)le shows the considerable increase in the 
Tlw cma a may be obtained by impregnating with paraffin. 
.. nf]i lface do ~ ! . 10t P res ent as clear and pleasing appearance 
as before paraffining, and it accumulates dust more readily, 
ihe maiked decrease of the resistance with increasing humidity 
is not readily explained. One would expect that it would be- 
have more like paraffin, which shows little change. 

1 = :lg j r 16 g !Y ea c W ves for various waxy materials. Ceresin 

the , I ! 1I 1 neral ozokerite. It somewhat resembles 
P“' bU . haS E * lghe i m ? ltillg point < 69 de S'). An attempt 
n t0 the le£lka ge resistance of a sample at 

several humidities by the galvanometer method, using a distance 
of 1 mm. between the plates. It was impossible to obtain 



a readabie deflection, but it is certain the values are above 
cur T e ,i Wlth the electrometer method the 
ini8 aC i eS1St l vlty 'Y as stdl to ° high to measure, certainly above 
10 ohms. A special paraffin having a melting point of 58 deg. 
cent, also gave results too high to measure by any method at our 
disposal A commercial form of paraffin known as parowax 
(melting point 52 deg.) gave the results shown in the curve 

“XrSi'^ el ec“- th » d I*" » ^factory 

cur y e for beeswax was obtained from a sample of the 
yellow, umefjned material. White beeswax gave results which 
ldP 1 lt ! CaL Por these materials the surface must be 
and moisture detenorate quite ra Pidly when exposed to light 

The sample of tetrachlornaphthalene was furnished by Dr. 
Baekeland. It is doubtless a mixture of several isomers and may 
contain, other chlorinated naphthalenes. It is about the con¬ 
sistency and color of yellow beeswax and has a very char- 
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acteristic odor. The samples of “ halo wax” are chlorinated 
naphthalenes, The sample No. 1003 is largely tetrachlorna.pl i- 
thalene. It is of a gray color, but in other respects has much 
the same properties, including odor, as the sample furnished 
by Dr. Baekeland. The sample 50553 is a higher chlorinated 
naphthalene, being largely hexachlornaphthaletie. 

The Khotinsky cement was flowed on a glass plate. The 
thickness was such that no appreciable part of the current flowed 
through the glass. 

These waxy materials show the least change with humidity 
of any of the substances tested. This is doubtless due to the 
fact that the water does not wet the surface, hence instead of 
spreading over the surface is collected in minute drops. 

D, B. Rushmore: In my opinion, the problem of insulator 
design must be solved by a scientific study of cement and n 
scientific^ study of porcelain; and by analyzing the elements, ns 
we have m other problems, we will find out what is taking place, 
but the problem of measuring the causes of the trouble and know¬ 
ing just what the surges are, in knowing- just what the electrical 
forces are, and also in knowing just what arc the physical eondi- 
tions of the resistance opposed to these forces, is very difficult, 
riobably there is no other field of engineering in which it is so 
hard to get at these quantities with exactness. 

I was very much impressed with the analogy of porcelain 
design to the design of delicate steel castings, and it was evident 
tw r 6 of J he ins ulators that have been shown on the screen 
lf c i\ st j m £ these pieces of certain qualities of steel, the 

If cryltalhzaSn* 0 ^ m ° d,fied to P reveilt the undesirable forms 

t J*Zr iS ?- ie thin # t , hat , is closel y elated to the study of insula- 
cnH^ P1 ' Catl01 a and that 1S the practical necessity, both from an 
engineenng and a commercial standpoint, of determining quanti- 
tatweiy the value of a ground wire. That has not yet beendone 
n-'rf d3 '^ dS ° f thousands of dollars are spent every year in installiiu’ 

lem be by the pro!,: 
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years ago in connection with transformer bushings, and has been 
applied in his practise since that time. The altitudes to be con¬ 
sidered seldom exceed 10,000 ft. Several important installations 
exist at 4000 to 5000 ft,; a dividing line was set at 4000 ft., below 
which leads rated for 4000 ft. are supplied, and above which leads 
rated for 10,000 ft. are supplied. 

In the cases of the leads which Mr. Peek has tested, the depart¬ 
ure of the correction factor from 8 amounts to as much as 15 per 
cent of 5 at 8 = 0.50. This would be worth considering, as it 
represents a fair margin between factory test voltage and spark- 
over. But, since 10,000 ft. is the maximum altitude reached 
except in very rare instances, the departure of the correction 
factor from 8 (6 or 7 per cent) at that altitude is not worth con- 
^ beyo . nd ^eating it fis an additional margin of safety. 

An interesting detail of the tests on suspension insulators is 
the wide departure of the correction factor from 5 in the case of 
one unit, amounting to 44 per cent at 8 - 0.50 in Table' IV 
compared with the close agreement in the case of two-, three- or 
four-unit strings. Perhaps Mr. Peek can add some explanations 
to these figures. 

In putting into practical application the information given in 
this paper, it must be remembered that these tests were made at 
60 cycles, and consequently are valuable chiefly in the degree in 
which they represent_ high-frequency performance. With the 
usual factors of safety hi the design of leads, bushings and insula- 
tors, nominal frequency voltages would seldom, if ever, tax well- 
designed apparatus to the spark-over point of maximum eleva- 
tion. It is, therefore, of primary importance that these data 
should apply to high-frequency voltage. It is known that dif¬ 
ferent designs of leads and insulators perform differently under 
high frequency, Whether such differences may be expected to 
aftect the altitude factor, perhaps Mr, Peek can tell'us, 

P. W. Sothman: Every time this very vital subject of insula¬ 
tion is touched upon, we are apt to have the feeling that we are 
getting further away from it, and I was afraid to-night that Mr. 
Austin might again change my mind in regard to certain concep¬ 
tions I have had, but in many points I agree absolutely with Mr, 
Austin, particularly that, from a mere investigating standpoint', 
we should learn how to build an insulator. We have tried to 
teach and preach for the last few years that the insulator is one 
of the most important elements in the whole system; that it is 
as important as the generator or lightning protection, or a switch 
or anything else; still an insulator is chosen, because it will do a 
certain thing in a certain district, and it is assumed that it will 
do the same thing in another district, but, as Mr. Peek has 
pointed out, what it will do in New York it will not do in Denver, 
In that respect I was very much pleased to see that Mr. Peek 
found a way of expressing to .us here tonight, that the actual 
cliffeience in altitude has an important effect on the insulator, 
and I think that anybody who has gone through Mr. Peek’s 
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™3w»d f 66 ’ aS sIl0l L as t , he pa P er is > and although it has been 
condensed to a very great degree, that the data given in it mean 

amount of labor, and these two papers coming “ 

fidering! eVenmg glVe US ,11UCh Hght 0n the ™ h i ect we are con - 

the^factnrv ^d tEStS Wl ?' ch have been made on insulators in 
Su mfS/i* d then c ? nsider the isolators which have failed 
S 3 tH ln jh We SC{ ? that we are absolutely unable to produce 
the same conditions, in our laboratory, no matter how we try 

Weamtevin/to mlf 6 u C ? n h d j. tions f ° Und in normal °P^atiom 
tor at 2fnnn nr non hlgh - fre 3 ue , nc y tests. We test an insula- 
™Ahdh° °^ 0m and then we raise the voltage higher 

SLJg 'We l Si2f kiUed > 50 to s Ppak, and then we are 

satisfied. we think that the more power we can force through 

'“TT 4 iam T U “ “to EH 

get, but still we find m the case of insulators which will with- 

we talfe tSn f Y) ° f 20 ,°'? 00 VOltS ' in the Moratory, that when 
TliS Whfch i^ me inSUlators and put them into actual service on 
the? 3mfai «ff rym ? T °P eratm £ voltage of say 50,000 volts, 
rV e Z , fad the next day, notwithstanding in our laboratory 

* Mnw cons '| dered tham the best insulators that were ever made 7 
(-W 3’ f entle ™ ei b that sh °ws it is not the insulator, as such’ 
that we have to blame for this condition, but there are other 

T ,00k &r “ ^platatta SifLS 

mamiy it is the line. There are a number of elements involved 

and the insulator is only one of them, important vet smoil Tf 

shnfddh d 3 U m d ad partS ° f the transmission line in the way they 
should be built, we would see that the present factor ofStv of 

?J,^ ator .> which is , a ^ry high one at thf present ?Jne is 
tbeotber elementswhichare used in the 

rl3 h +T e iS ° ne , t - idng wllicl1 is ver y gratifying to see, and that is 
that the porcelain manufacturers have actually made verv Seat 

wm lVnoS: ^ ° f i the porcelain ShTchTheyTro! 
of porceS flS3 I 8 Y the ! nsulat °rs-but in the manufacture 
or porcelain they have made very great progress When wp 

SmLred irihati, 1 " 11 “ p five years ‘ e ° « 

stild fnd U t f 7 ery severe test > and we see how they 
stand up today, we conclude that we have learned at Wt hn3 

to make port*ain which will serve the purpose Itff verv 

fHn tlf flnd g 'i b f U +i? W0U C like these gentlemen to get a little busier 
still and let them try to make stil! further improvements- nod 
what strikes me forcibly is that we still find tut <i, ’ , a - 

ppntWo^ffi ° r foitr ^ rs ag0 we were talking about the per¬ 
centage of failures—which matter Mr Austin has rpfprmd + • 

a very interesting manner in his tahtaC^ T 

sZ e 'kind P „ r f t A, d ° 5e l ° P« cent, wbereSloday Ihe' 

same kind of failures amount to more nearly 6 or 7 per cent. I 
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think if the transmission line engineers would cooperate with 
the porcelain manufacturers, and give them freely their observa¬ 
tions, that we could still make substantial improvement in these 
conditions. 

That brings up another point, and that has to do with these 
specifications for the insulator, as such. We are on the eve of 
determining whether we shall or shall not make specifications 
tor the insulators, and in that connection I cannot urge you too 
strongly to be very careful, and I might even caution you to go 
very slowly, in adopting any rule in which so many phenomena 
are still involved, which phenomena are so little understood by 
so many of our practising engineers. There is danger that we 
may put into a law on this subject a great many things which 
may be a great handicap to the future development of the insula¬ 
tor. , 

Selby Haar; I ask Mr. Austin what his opinion is of the na¬ 
ture m which electrical and mechanical stresses in the strain 
insulator combine. Is it something like the different kinds of 
mechanical stresses in material, or is it something entirely dif¬ 
ferent? 

. The reason I ask this question is that I have heard it denied 
in all seriousness that a strain insulator need necessarily consist 
of any more sections than an ordinary insulator. 

Charles P. Steinmetz: We must not lose sight of the fact that, 
after all, the line insulator today is really in a very good condi¬ 
tion. For many years the line insulator was the weakest link 
in oui transmission system, It is not so today, It is rather 
one of the strongest links, as shown by great increase of break¬ 
down in all other parts of the system, which formerly were pro¬ 
tected by the line insulator failing, thus protecting the other 
aPP^. This is proper, because it is desirable that the line 
should be the.last thing to break down. Breakdown in a station 
can be watched for, and can be located, but it is a more serious 
matter to have a breakdown out on a mountain peak, and then 

have to hunt for it in the winter time, during snowstorms, etc. 

, The problem, then, is really not so much to improve the line 
insulator although naturally we expect improvement—as to 
make sure that the insulator as it exists on the line gives as good 
results as possible for first-class regulation and maintenance of 
the insulator protection; in other words, there should be proper 
testing of the line insulators, and weeding out defective ones. 
The strains on the insulator are partly electrical strains and 
partly mechanical strains and that means testing them both 
for electrical and mechanical strains. From the electrical point 
of view the problem is, after all, a simpler one, for, although elec¬ 
trical engineering is much younger than mechanical engineering, 
the method of testing and the various operations are so much more 
accurate, that we can determine certain things with accuracy 
in matters electrical. Naturally, the condition of testing should 
be to test as nearly as possible under such conditions of electrical 
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stresses, etc,, as break down the insulators on the line. We all 
realize that the normal line voltage and normal line frequency 
practically never break down the insulator, but that it is caused 
by very high frequency or sudden impulse, or combinations of 
both; and investigation shows that’very often a high-frequency 
wave train is preceded by a single still higher impulse: thus, 
high frequency and impulse tests are needed. 

While high-frequency testing lias been recommended many 
times, it has one serious danger, namely, that most methods of 
pioducmg high-frequency oscillations involve the use of electrical 
resonance, which does not give a definite, but an indefinite, volt¬ 
age and constant current effect, and it is, therefore, only a question 
ot the power back of it whether you will break down anything or 
not, 1 herefore, while high frequency is th&t method of testing 
most nearly representing actual operating conditions, it must lie 
made by high-frequency osciliating current generators which give 
a definite and^ determinable voltage, and not by the use of 
mi S S 1Ce i°i miS? t ^ e l hlg u' freq uency voltage to some unknown 
n n ii! y \ de ! ermined b y the strength of the apparatus, in which 
i mean n ° thin S' 1 refer to this latter method be- 

h ' sh !nqMmy ***** “ *«• 

tes^^oimf^r ar , e .(he conditions for making the mechanical 

by electrical testing a! r ch £ mcal quality can be determined 
y electrical testing, As has been pointed out in the imners 

a test for porosity of the porcelain can very often be determined 

m y n r f^ ta K, Ce Experience has shown that a 

more reliable method m picking out mechanical defects such as 
flaws, porosity, etc,, since it does not depend on the effect of 
humidity, is the use of high frequency fortesting! f 

. Unfortunately, there still remain the mechanical strains in \-hn 
insulator, which may and do, as has been shownte Mr Austin's 

ter for whici ^ 

ismw&tta 

Of which itTmade, 
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The reliability of service given by the transmission line, as 
you have seen from this paper, depends upon, and can very 
greatly, be increased by an increase of the number of units, that 
is, an increase of the factor of safety, The increase of relia¬ 
bility is greatly out of proportion to the increased margin of 
safety, because it is not the effect of the margin, but the proba¬ 
bility law, which makes it much more improbable in the case of 
individual insulators that their strength will fall below the stress, 

The second method described of increasing the reliability is 
to reduce the surging. The third method is to reduce the de¬ 
preciation, 

There is really a fourth method, which has not been referred 
to in the paper, ojid is in reality included in the last one, or 
reduction of depreciation, namely, weeding out insulators on the 
line which become defective. If there is a ten per cent depre¬ 
ciation in five years, by testing the insulators on the line once a 
year, three-quarters, say, of those which have deteriorated, can 
be weeded out and the average depreciation will be reduced to 
a small fraction of what it would have been, if all those insulators 
had been left in the line; this would, therefore, greatly increase 
the reliability of service. 

That brings us to one requirement which is very badly needed, 
and that is, reliable methods of testing the insulators on the line 
without taking them down; preferably, although it is not always 
essential, without talcing the voltage oft' the line. Such methods 
would be principally valuable in high-frequency tests, because 
while in the case of high frequency we deal with considerable 
power, we do not have to guard against leakage by moisture, as 
in resistance measurements, and it appears advisable to make 
systematic tests of the insulators on the transmission lines, just 
as such tests of underground cables are made, by testing the 
insulators, disk after disk, insulator after insulator, at fixed 
intervals, and thereby detect and weed out those which have 
deteriorated. This method would greatly increase the relia¬ 
bility of operation. 

E. E. F. Creighton: Mr. Peek has again added another ele¬ 
ment to his work on corona and Mr. Austin has not only described 
some valuable methods but has given us a new design of in¬ 
sulator. 

Among the several things I should like to bring up regarding 
Mr. Austin’s paper is, first of all, the sanding of the surfaces 
of the insulator to give the cement a grip on them. There is a 
very difficult problem involved in preventing the breakage of 
the insulators by the cement, If this very simple method is a 
solution of this problem it will mean a great advance in the pro¬ 
duction of good insulators, 

. Many tests on the chunky insulator in Mr. Austin’s illustra¬ 
tions show a considerable advance in the design of insulators, 
Even at high frequency the design is such as to overcome, to a 
very great extent, the creepage spark. The spark creeps down 
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LO iouow U1C surfaces of the skirts, bu 
This is an indication of better design 
liable to fail. 

rnirtwP C i‘f' 1 want t0 mention the relative values of the 
,i«i ® testing, amon 8 them the megger, which was used I 
think first by Mr. Gaby, in Canada. The megger gives good 

irtt?cI h n e v^ nl01StU f e ° au ( i nter in the crack that is^prodiiccd. 
f the crack does not extend all the way through the Doreolain 

the merger ,s useless If the moisture is dried <?ut, as it ustiaHy 

tjSS ** 

whether there is a tinv flaw s™, U1 1 lder ^ re d porous porcelain, or 
will bombard the air in die intenSnarf 1 lt b th % 1 h i 1 Rh frequency 
haws. At the same time the hGh f£ 1 and wdl develo P these 
is quite harmless to good porletein hfw’- properIy applied, 

,or 

value of the g overhead ground^vir^shmM 1 !! the fact that the 
sulating the line, and temt fWvsi •* d be co ”sidered in in- 

th i S toZ“? protec ‘ i " g st ^poht ymr mmds 01 ' l! ' from 

defective insulators, and* that in ,2” g ? fc , he . locati »fl of 
construction cost of transnfission wl g emulations on the 
particular point into your calculations’ y ° U i slou ^ d take that 

value of the overhead ground w re whAll^r n0t consider the 
or protecting standpoint holly from an insulating 

Our experience leads us to believe u,„<. n, 
wire is worth more as an aid tn tha ^. the overhead ground 
“ a protective device and iw lc Pemtl ° n ? f the than it 
instruments behind it, faulty insulators^’ W . lth , the Proper test 
fwT f s> and sometimes 7 exaSv° Cated within a 
«P( U . for operating 
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lines with a view to locating faults and curing them when 
the lines can be relieved from actual service. The cost of an 
overhead ground wire of stranded steel or copper-covered steel 
will, in most cases, be a little more than one of the phase wires 
of the transmission circuit, assuming the phase wire not to be in 
excess of 250,000 cir. mils. 

F. W. Peek, Jr.: I agree with Mr. Austin that most insulator 
failures occur due to small cracks in the porcelain caused by 
local mechanical stresses. These local stresses may be due to 
expansion of cement or metal parts, improper shaping of porce¬ 
lain parts, etc. The so-called deterioration of porcelain is due 
to the gradual formation of these cracks. Electrical failure is 
finally the result. The following test, to show the above, may he 
given as an example: Six insulators, all of the same porcelain, but 
of different designs, were tested with 60-cycle, and with oscillatory 
voltages. Electrically they were excellent. These insulators 
were then placed in ice-water for one hour. This water was heated 
at the rate of 1 deg. a minute to the boiling point; it was then 
slowly cooled at the rate of 1 deg. a minute to room temperature. 
Cracks appeared in four insulators due to mechanical stress. 
Electrical failure occurred immediately upon application of 
voltage to these four units. The other two were not affected, 
They were then given a more severe test. They were put in 
water, which was gradually heated to the boiling point, and were 
then immediately plunged into ice-water. One failed, while 
the other remained intact. These two insulators were of the 
best mechanical design of the lot. 

Other causes of failure, clue to design and manufacture, are 
caused by occasional impurities getting into the mixture, porous 
porcelain, effects of tool marks on difficult designs, etc, 

In selecting an insulator it is important: (1) to see that the 

mechanical design is such that local mechanical stresses cannot 
result and gradually produce cracking; (2) to see that the elec¬ 
trical design is such that local electrical stress tending to pro¬ 
duce puncture will not result; (3) to see that the porcelain is 
not too porous and that the product is uniform, (1) and (2) are 
best determined by design tests, such as the one outlined here, 
and others which have been described in the A. I. E. E. Proceed¬ 
ings.* (3) is best determined by watching the product very 

closely in the process of manufacture. If the per cent loss in 
the routine test is large, or vaiies greatly, the product may be 
looked upon as suspicious and should he condemned until the 
cause of the failures is found. This per cent loss will'not only 
be a check upon the quality of the porcelain but also, to some 
extent, upon design. For instance, if the design is so difficult 
that a large percentage of failures results in its manufacture, it 
should be condemned. I know of insulators that have been 
selected on a basis of per cent loss on one of the very high-voltage 
lines which have given practically no trouble. 

* A, I. E, E, Trans., this volume, p. 1107. 
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been dfscussed'" ^2w U? *i 1 t ° de j% n and manufacture have 
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the low-voltage lines that is r ' ^ sucb , troubles occur on 
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subjected to the san e elect sort of c °mrtry and are 

lines; as the SsSoV ^‘.voltage 
In certain parts of the country there ? ieater .damage is done, 
due to this cause, Xn the mimher % pract , IC + ally ! 10 troa ble 
exceeds a given number Tn n ber msulators m a string 
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absolutely indefinite “ u,vi t * ar advocated 1S that they are 

supplement to the 60-cy cle test.*’ sometimes useful as a 
A. I. E. E. Trans., this volume, p. HQ 7 . " " —— - 
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I have recently made some tests using single impulses of a 
known wave front, length of tail, etc. Impulses with durations 
measured in microseconds or millionths of seconds have been 
used. Insulators will stand very high voltages when the dura¬ 
tion is short. However, if the voltage is high enough some 
damage is done to the material. Perhaps a minute crack is 
formed; the effect is cumulative, and complete puncture re¬ 
sults after a sufficient number of impulses has been applied. 
Such conditions actually occur on transmission lines. 

E. D. Eby (by letter): In his paper on insulator deprecia¬ 
tion, Mr. Austin points out that mechanical and chemical 
causes are chiefly responsible for insulator trouble which de¬ 
velops in service. Unequal temperatures in the dielectric, ex¬ 
pansion of the cement by weathering or crystallization, and 
expansion of metal fittings, are mentioned as the chief causes. 
The paper and the discussion at the meeting dealt altogether 
with line insulation, I should like to ask whether in his ex¬ 
perience Mr, Austin has encountered similar trouble with wall 
bushings, roof bushings or transformer bushings. It would 
appear that any of the causes for depreciation given might 
contribute to trouble with such apparatus as well as with line 
insulators. On the other hand, the construction of entrance 
and transformer bushings, particularly of filled types, is usually 
such that electrical weaknesses may not necessarily follow me¬ 
chanical damage from cracks, etc. It would be interesting and 
instructive to learn the experience of manufacturing and operat¬ 
ing companies along this line. 

Edward J. Cheney (by letter): Insulator reliability becomes 
increasingly important as transmission distances increase and 
service requirements become more exacting. Such researches 
as that of Mr. Austin are, therefore, of the greatest interest and 
importance. 

In one instance a large metropolitan community was abso¬ 
lutely dependent upon a certain transmission line. It was 
particularly annoying to all concerned to have the insulators 
on this line begin to fail with disconcerting frequency after 
they had given fairly good operation for several years and in 
spite of the fact that the lightning protection had been in¬ 
creased in the meantime, The remedy adopted represented 
the best which could be done at that time, but is suggestive of 
brute force rather than science. It consisted in putting on new 
insulators having a high-potential test double that of the orig¬ 
inal ones. The results have been good so far, but in the light 
of the information Mr. Austin has given us, it will now be 
possible to examine such problems more intelligently and we 
can be much more confident that the remedy will be perma¬ 
nently effective. 

H. H. Sticht (by letter): No doubt the microscope is des¬ 
tined to be an important factor in the study of the insulator, 
just as it was in the study of iron and steel. Dr. Creighton and 
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Dr Steinmetz mentioned the various methods for testing in¬ 
sulators laying particular stress on the high-frequency and 
Ingh-voltage tests. There is no doubt but that they arc the 
most lehable tests that can be made in the test room, but how 
nnt t M C T t0 , be ,. a PP lied the transmission line? If the lino is 
T , t . iat built through a level country they might be used . 
The transformers, with accessories such as a gas engine and 

™-' C R, U J d tv e m 0 U u te ? 011 a wagon aild driven from tower 

lines It Ca " ft on very * ew of our transmission 

1 t seems to me that in mountainous or undeveloped 

countiy, the megger method is the only one that can bp i J<vl 
I w,11 grant that the method has its liUatio s but so W 

thlt ™ eT M ’° d , S - *?: , Sothm “ attention to So fart 
it on the linp “ a , hlg l " tension test 011 'an insulator, place 
ting*voltage^ ft ft ° r S ° f break down binder 'opera- 

WtSttSf iS: 

at several times^th^oneral^ 11 * 66 a high-potential test, 
similar result on a,small scale? 6 ' Tulft 3 ’ C ° eS • n °i t P roduce a 
age of the megger (1000 m 9 nnn Tll n C i° mparatlve y low volt_ 
any such bad elects°i° bftveft } “ft 1 / cannot havo 
about the megger have L™ ' ft: some , of the had reports 

it to tEL**? to “ 

one can readilv see that U V . lc P 133 type. However, 

sulators owing to the fact that a t!? 6 USSd fol i tbis class °f in- 
bybtained to which to connect the meggeft Cann0t 

cussion oi^To. tsir Uer) 1 In co “ iecti °n. with the dis- 
attention was drawn to the oarhaVIv Tri m f. ulat ? r depreciation, 
ing in the transmission line P ftft ft ft mauMor work¬ 
er is of considerable impOTtafice ft ftftn of this insula- 

might be of interest. P *’ f words on this subject 
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external stresses, and line surges „i al 1 p0 ^ ndmg °f' tlie elements, 
lme insulators. Therefore l y but purely weaken the 
filiation, we have in the line h aft*™ 6 time after in ~ 
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concern, for although capable ofiSff ft are of immediate 
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Of course, immediate replacing ft ltlo n arises, 

necessary when the breakdo^Ls^“ ftft ft lator is 
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test or inspection. escription by either periodic 
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tive insulators by means of applying over-potentials to the 
insulation of the line, it frequently happens that only one or 
two breakdowns occur - upon each application. This requires 
the locating and the replacing of the defective insulators before 
the test can be further carried on. Where 15 to 25 bad insulators 
may be discovered in the course of a test of this nature, a 
great number of tests is necessary, with the result that the 
test drags over a considerable period. In order to expedite 
the test by the rapid replacing of the insulators located by test, 
men are generally posted along the transmission line right-of- 
way. _ Of course, a large number of men is required. Not 
only is this method of test far from satisfactory when a con¬ 
siderable number of defective insulators is on the line, but 
the expense connected therewith is also a heavy item. Further, 
where other live feeders are on the same pole as the feeder 
under test, the possibility that the arc will flash over to these 
lines when an insulator breaks down is ever present, 

During the course of the discussion several gentlemen re-. 
ferred to the location of partially defective insulators by tests 
of a different nature. Mr. F. Osgood, I believe, called partic¬ 
ular attention to their location through the medium of the 
ground wire. It would be of interest to have these gentlemen 
explain somewhat farther in this direction. 

A very effective and comparatively inexpensive method of 
reasonably clearing a line of these insulators is by the following 
method of inspection. On a rainy night while the line is work¬ 
ing under normal potential, the line should be patrolled, Parti¬ 
ally defective insulators are readily detected by means of the 
arcing displayed. Close examination of the insulator can be 
made by means of high-powered field glasses, but this is only 
necessary _in rare cases where the peiiod between successive arcs 
is of considerable duration, thereby indicating that the insu¬ 
lator has but a slight defect or that arcing might possibly be 
due solely to the heavy precipitation. However, it is generally 
safe to treat this type of insulator as a defective insulator, for 
the combination of the heat produced by the arc and the rapid' 
cooling of the insulator by the rain is gradually destroying it, 

No matter how long the line, if a sufficient number of men 
is provided, practically all defective insulators can be noted in 
a single night. The number of times an inspection of this 
nature should be made depends entirely upon the locality and 
age of the line. However, three to four times a year is generally 
amplfe. Of course, no immediate change of insulators is made 
while the inspection is in progress, but all defective ones are noted 
and are replaced the next day. 

R. P. Jackson (by letter): It becomes at once apparent that 
the whole indictment against porcelain is a secondary result of 
the fact that, for mechanical reasons, porcelain can be used- 
only so as to avoid subjecting it to tension. This is the reason 
for the use of thin sections backed up by metal in such a way 
as to keep the porcelain in compression or shear. The ordinary 
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disk suspension insulator is a good example. It is molded 
into a shape to fit into a head or cap of metal with a metal pin 
in a re-entrant recess enclosed both by the porcelain and the 
metal cap. 

This necessarily puts the porcelain under severe electrical 
stress to begin with, Further, unless the cementing is perfect 
and the coefficients of expansion just right, there are liable to 
be severe mechanical strains. All efforts to reduce the elec¬ 
trical stress by increasing the porcelain-filled space between 
the metal parts tends to weaken the mechanical structure of 
the unit by putting the porcelain under tension or bendiiur 
moment. K 


Why not go the whole distance, however, and put the porce¬ 
lain under direct tension in adequate section Sind thereby dim- 
mate all trouble from puncture, by surges and lightning? 

The chance of there being weak sections or units in a four- 
piece or five-piece insulator where each piece is only f or 4 in 
thick is fairly high. On . the other hand, what lightning would' 
punctme lengthwise 20 in. of porcelain? Regardless of the 

than puncture! ° f SUCh ^ insulat0T raust f]ash over rather 

. What is t he P ros P ect of making a tougher porcelain strommr 

rrfr M perhaps ° f somewhat inlerior 1 ^?^® 

strength, which would de ver us from turnW t n u™ r 
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ivir. Austin shows us, indeed, how to make the mod- nf it-,,, 
materials and methods we now have but at i , 
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1011-1914 


, PREFACE TO REPORT 


I. Specifications for Rudder Insulation 


A DEMAND for specifications which will enable purchasers of rubber 
insulation to secure good material on the basis of competitive 
bids has existed for many years, 

In recent years, there has been no difficulty in securing insulation 
having the dielectric strength, specific resistance, elasticity and mechan¬ 
ical strength required in practise. Indeed, with the possible exception 
of dielectric strength, these qualities are usually in excess of actual service 
requirements. There is another quality, namely permanence, which 
although equally essential, has not been so easy to obtain. 

While the physical properties of rubber insulation are susceptible of 
positive determination by tests which can he made before acceptance by 
the purchaser, the permanence of insulation can be ascertained only in 
practice, often at great loss, inconvenience and even danger. It, should, 
therefore, be the aim of specifications to overcome this difficulty and by 
some indirect means, ensure that the manufacturers supply compounds 
having the required endurance. 

This obviously presents a difficult problem, as it requires that some 
relation be established between permanence and one or more of the prop¬ 
erties which are susceptible of test, It has been established by experience 
that Ilevea rubber or the rubber of the Ilevea Brasiliensis tree, when 
properly cured, is a superior grade which is entirely satisfactory for elec¬ 
trical insulation, Ilevea rubber may, therefore, be specified with ad¬ 
vantage, although certain other rubbers of good quality may be excluded. 
The rubber has, however, to be further identified as Ilevea rubber of good 
quality, the materials associated with it in the compound must be known 
to be non-deleterious and the compound itself must be well prepared, 
applied and vulcanized, 

Two types of specifications have been devised to compass these re¬ 
strictions. The first type of specification proceeds on the assumption 
that certain physical characteristics are developed to an unusual degree 
by the use of Hevea rubber, especially the grade known as fine Para. 
Among the qualities affected by the grade of rubber, and alleged to be 
useful indications of the presence of Para rubber, are the tensile strength, 


1. This report has been referred to the Standards Committee of the A, I.E, E. for con- 
liiioration, and was printed in the Proceedings at the request of that Committee. 
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elasticity and specific resistance. Accordingly some specifications have 
been issued in which one or more of these qualities is specified in an exh K - 
gerated degree. Experience has shown that such specifications arc in¬ 
effective, as the specified physical quality can be obtained either by man¬ 
ipulation of poor compounds or at the expense of permanence in com¬ 
pounds made originally of good materials. In consequence of this, 
specifications based exclusively on physical tests have fallen into disrepute, 
but such tests now serve in modified form as adjuncts to other typos of 
specifications. 

The second type of specification to be considered is that in which a 
more or less rigid formula for the compound is specified and compliance 
with it exacted either by inspection during manufacture, or by chemical 
whilr S S “ Pp,e " lented b y other te sts of the finished product. Inspection 
imnrLSl T o compliance wit! * such specifications is usually 
Chemie b ; “ Ce must - therefore, be placed principally upon 
chem ea analysis. Three difficulties at once arise. In the first place 

nlTer which ^s T™' the or of the 

onlv . h h ? be ™ USCd 10 the man «factiire of a compound; it cm, 
nly determine these by the indirect method of measuring certain of its 
characteristic constituents. It is, therefore, necessary to present in t!,e 

finding's ’ a rektl0n b6tWeen the desired forrn «la and the chemical 

meIh h 0 ds C o O f nd a di f i St !! atin the past ' ^mists have employed diverse 
methods of analysis which give inconsistent results It is therofm-n 

Th'e method ' “ tfafaoto * *" d standa ’' d Procedure tor una£ s.’ 

icalmsffits U,t> ’ haS bGen fhc non-uniform interpretation of nmdyt.‘ 

the range of analytical results i u\ * contains a fable showing 
Pound containing 30per^cent of hlhel '"**«** fr ™ • com- 
mented by a detailed analytical pmcLiurf'The”if'-fTp * "“ P1>1 °' 

to add £ 
“5^^ t: u ! t f vay % hQ used in 

m, ” r * 1 —* provided wi “ 

The , •* n ' Standardi *ation of Specifications 

petitive bidding of com. 

railroads and other large consumers to i f ^ KaVernmcnt - the 

insulation. These specifications wem unoT™V*" mbber 

penence or theories of a number of engineers aided b lndlVldual ex ' 

E neers, aided by suggestions from 
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some of the manufacturers. For several years no attempt was made to 
standardize these specifications, and much trouble was given to the man¬ 
ufacturers by the diversity of requirements contained in them. In 1006, 
the Rubber Covered Wire Engineers' Association, consisting of repre¬ 
sentatives of the leading manufacturers, prepared a specification which 
was offered as a standard. This was followed in 1011 by the revised 
specifications of the National Board of Fire Underwriters, which, however, 
call for a comparatively low grade of compound. The former specifi¬ 
cation, although the best that covdd be agreed upon at that date, was so 
defective as to afford little or no protection to consumers. The latter 
occupies a field by itself, and make no pretension to specifying the highest 
quality of compound. Consumers desiring compounds of great perma¬ 
nence, therefore, continued to use their own specifications, altering them 
from time to time, in accordance with the best information available, 
with a growing tendency to rely upon chemical rather than physical 
tests. Some difficulty was experienced in enforcing these specifications 
owing to the inability of chemists to make concordant analyses of rubber 
compounds. This matter reached an acute stage in 1911, when Mr. E, 
B. Katte, Chief Engineer of Electric Traction of the N.Y.C. & B.R.R.R. 
Co,, invited a number of manufacturers and consumers to a conference 
in order to discuss the possibility of standardizing specifications and 
analytical methods for rubber insulation. This conference was held at 
New York on the seventh of December, 1911, Col. Samuel Reber of the 
U.S. Signal Corps presiding. 

After a full discussion of the subject, a committee was appointed to 
devise a specification and an analytical procedure for rubber insulation, 
the committee to report at a future conference. 

This committee, which was originally known as the Railroads Rubber 
Committee and later as the Joint Rubber Insulation Committee, worked 
at the problem assigned to it for two years and presented a report to a 
second conference which was held at New York on October 15th, 1913, 
Col. S, Reber again presiding. The report was unanimously accepted 
by the Conference and the Committee authorized to continue in existence 
for another year for the purpose of making any revisions that might appear 
necessary in its report, as the result of a year of experience with it. 

The membership of the general conferences at which the committee 
was appointed and. to which its report was submitted, consists of rep¬ 
resentatives of the following interests: 

U. S. Signal Corps, 

y. S. Bureau of Standards, 

American Chemical Society, 

Lederle Laboratories, 

New York Central Lines, 

Pennsylvania R, R., 

General Electric Co., 

Hazard Manufacturing Co., 

Simplex Wire & Cable Co., 

Standard Underground Cable Co. 

The organizations represented in the committee have been unstinting 
in devoting their unrivalled resources to this work, which could not have 
been carried put by private enterprise. 
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hatchet. The object of this operation is to make the latex ascend from 
the roots, in an effort to repair the incisions. The milk that oozes out 
is mixed with bark and other impurities and is utilized to make an inferior 
grade of rubber known as sernamby. Two days afterwards, incisions 
are made 2 meters from the ground and tapping cups fastened at the lower 
part of them. The latex collected in these cups is said to be collected 
'‘prime” and furnishes the best rubber, On the following day, the process 
is repeated by making incisions about 7 cm. below the first, this being 
continued on successive days until the ground is reached. 

The rubber is coagulated from the latex by smoking. This is accomp¬ 
lished by putting the latex on a spatula or flat stick, and holding it over 
a fire made from wood or Urucuri nuts, the smoke of which is rich in acetic 
acid and creosote or similar oily substances. The latex is thus dried in 
successive layers until a ball or biscuit weighing from 20 to 00 kg, is ob¬ 
tained. The smoke acts as a coagulant, evaporates the water and at 
the same time kills bacteria, which would cause decomposition. Rubber 
prepared in this way is known as “fine Para'\ but when the curds or semi- 
solidified latex deposited in the latex basin are incorporated with it, the 
quality is lowered and the product is known as "entrefine” or "medium 
fine". If these natural curds are collected separately, they are known as 
"coarse Para" or “sernamby", a name which, as mentioned above, is also 
applied to rubber coagulated on the bark of the tree. Up-river Para 
rubber is fine Para collected from the Ilevea Brasiliensis trees in the head¬ 
waters of the Amazon and its tributaries, 

The wild Ilevea rubber of Brazil is shipped in biscuits which contain 
from 15 to 20 per cent of impurities, which can be removed by rolling 
and washing with water preparatory to use in manufacture. These 
impurities are absent from plantation rubbers, a circumstance which must 
be considered when the prices of wild and plantation rubber are compared. 

Several kinds of rubber trees are raised on plantations, but the most 
important kind is the Ilevea Brasiliensis. Just as the rubber of this tree 
in the wild state varies slightly in composition according to its habitat 
on the upper or lower reaches of the Amazon river, so in the cultivated 
state, a similar variation exists, but to a greater degree. The principal 
source of plantation rubber is Southern Asia. 

The latex of plantation rubber is collected in much the same way as in 
the case of wild rubber, but coagulation is usually effected by the addition 
of chemicals. As such coagulation does not usually have the preservative 
effects of smoking, the better grades of plantation rubber are "cured" 
by exposure to antiseptic smoke. 

The principal forms in which plantation rubber is prepared, are crepe 
and sheet, either of which may or may not be smoked. 

In the preparation of crepe, the strained latex is poured into pails and 
a small quantity of acetic acid is added. This curdles the latex, the curds 
rising in the serum, The resultant curd is passed between steel rollers 
under a stream of water. From this process, the rubber emerges in long, 
thin, corrugated strips, having the appearance of crepe. The process 
is completed by drying. 

For preparing sheet or biscuit, the latex is set in shallow pans, the acid 
added and the clot allowed to stand until it sets quite firm, The water 
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PRELIMINARY REPORT OF COMMITTEE 

Part I —General Report. 

* II —Analytical Procedure, 

“ III—Explanation of Procedure. 

“ IV —Specification. 

11 V —Explanation of Specification. 

Part I—’General Report 

1. At the Conference of December 7fch, 1911, it was resolved that a 
Committee be appointed to develop a means of specifying and analy¬ 
zing rubber insulation, the Committee to report its findings at a future 
conference. 

2. The Chairman of the Conference, assisted by other members, 
appointed the foll(?wing to serve upon this Committee: 

Mr. C. R, Boggs, Simplex Wire & Cable Co., 

Mr. W, S. Clark, General Electric Company, 

Mr. W. A. Del Mar, N.Y.C. & H.R.R.R.Co., 

Mr. W. B. Geiser, " “ “ “ 

Mr, J. P. Millwood, Consulting Chemist, 

Mr. P. Poetschke, Lederle Laboratories, 

Mr. H. B. Rodman, Pennsylvania R. R. Co. 

Later, at the request of the Committee and by unanimous consent of the 
members of the original Conference, the following were added: 

Mr. J. B. Tuttle, U.S. Bureau of Standards, 

Mr. E. L. Willson, Hazard Manufacturing Company. 

The Committee thus constituted is composed of three railroad men, 
three independent chemists, and three representatives of the manufac¬ 
turers, Of the nine members, seven are chemists and two are engineers. 

3. The Committee immediately upon its formation decided to confine 
itself to the development of a specification and an analytical procedure 
for compounds of the 30 per cent Para type. In accordance with this 
policy it considered the available analytical procedures and developed 
several which formed the basis of further study. Samples of different 
rubber compounds were analyzed by these tentative methods. The 
results were unsatisfactory and the discrepancies were investigated. Sub¬ 
committees were formed to do much of this work. Twelve regular 
committee meetings, besides numerous sub-committee meetings, were 
held; thirteen different compounds were distributed to be analyzed by 
the entire committee, and many more compounds were experimented 
upon by the sub-committees and individual members. 

4. The outcome of this work has been a gradual elimination of errors 
and the development of a procedure which, with experience, will give 
uniform and consistent results. 

5. The Committee feels that the procedure which it has developed 
is not perfect and believes that it should be put into use for a year before 
being offered as final. With this in view the Committee hereby presents 
to the Conference, a preliminary procedure and requests the permission 
of the Conference to publish it and obtain the results of experience with 
it during the ensuing year. The Committee proposes to avail itself of 
the experience gained in this year and to incorporate whatever improve¬ 
ments it may decide upon in a final report. 
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Sample 

7. Remove the insulation entirely from sufficient wire to give a sample 
weighing about 25 grams. Cut this into small strips and grind slowly 
in either a No. 0 Enterprise coffee mill or a mill such as shown by the 



GRINDING PLATES OF THE NO.O 
ENTERPRISE COFFEE MILL TO BE USED 


Diagram B.— Rubber Grinder 
(All dimensions in centimeters) 


accompanying diagram B. Adjust the grinder so that not more than 
20 per cent will pass through a 40-mesh sieve. Sift all the material through 



Extraction Apparatus 
(All dimensions in millimeters) 


a 20-mesh sieve, regrindiug what is 
retained on the sieve until the entire 
sample .has passed through. The 
wires of the sieves shall be evenly 
spaced in both directions and shall be 
of 0.016 and 0.010 inches diameter in 
the 20 and 40 mesh sieves respective¬ 
ly. • Remove with a strong magnet 
any metal that may have come from 
the grinder and thoroughly mix the 
sample, 

Extraction A pparaltis 
S. The extraction apparatus shall 
conform with the accompanying dia¬ 
gram C. It shall he heated so that 
the period of filling an empty syphon 
cup with acetone and completely 
emptying it, will be between 2£ and 
3J minutes. 

Preparation of Reagents 
9. Acetone shall be freshly distilk d 
over anhydrous IC 2 COJ using the 
fraction 63-57 deg. cent. 
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15. 
14 . 

16 . 


i f A . C , Q ? lC , K0H soIutlon s,la11 be of normal strength and shall be* 
made freshly by dissolving the proper amount of ICOH (purifledbyalcohol) 

The 95 f7 ,Cen i a c ° ho1 which has Previously been distilled over KOlf’ 

liquidted 0 " ' ’ ed t0 Stand f ° r 24 h0urs and 011 ‘y ‘he clear 

II. Ether shall be washed with three successive portions of distilled 
water and distilled, using the fraction 34-30 deg. cent 
2 . Chloroform shall be pure and freshly distilled. 

arbon tetrachloride shall be pure and freshly distilled. 

Reagents not otherwise specified shall be c.p. 

Acetone Extraction 

hr hours, 

till off the reagents and dry thfS^ nilSe the flasks - Uis- 

100 deg.cent, desiccate ,!,•! k and contents for four hours lit <15- 

t ponods u„tu cLZZZsIm"* r c :: ,hm ‘“v <*»■ t "“- 

on its side but at a sufficient ancle ■ d ? lngl placo tlle 

does not appreciably run down the side oflt'S “ ^ th ° CXtniUt 

.. Unsaponifiable Material 

boil under a reflux condenser'foftwo hours”andS” I f° H Soll,fcion ' 
removing alt alcohol. Add 10 cu cm l ’ f eva P° rto to dryness, 
until the wax etc. are in solution"'! ZTj"* 20 CU ' Cln ‘ heat 

wash out the flask with warm water a„d tb f Tr “ sepilratoi 'y funmil, 

portions of ether. The water * h ” c ° o1 ' fina!I y with two 20cu.cin 

«• test 40 o,.o„,. s£^Z,™T.~Z d b " 100 «» ««>» 

tions to separate thoroughly, Draw „fr ° miIultes - and allow the solu- 

second funnel, leaving in the first funnel rio a aqueous solution into n 

cu ent material that may bTpresent 1 S ° Ultion aad *>7 Hoc- 

ether and add it to the aqueous solution ' IT * 6 - ^ flask wit)l 20 cu.om, 
utes, and when separated draw off the 30 ’,! “ vlE °. roilsI y for two min¬ 
ors funnel the etherial solutions a„d an T fl S ? lutl ° n ai,d ««*> in the 
shaking with 20 cu.cm, portions of ether IS*' mBterla1 ' Re P oa ‘- 
using at least 120 cu.cm, ether. Wash thl! ! action is complete, 
whtch the etherial solution has bec . f u "* d the from 

free from alkali, subsequently usi! v ’ h water * until they are 
solution. Continue washing with ® !! Wat61 ' t0 wash thc etherial 
after it shows „ 0 alkaline Le^n ^ ^ ^ Washed ‘So 

any flocciilent material. Filter the u e . a , n wltk ‘he etherial solution - 

material, through a smiill ofex' ST1 S ° luti ° a fro " ‘he taoSS 

washing first with ether and suh Ct f d cott0[1 - into a weighed flask 
h-s to rinse the originalflask and TT** ^ Kot chloroform, S ' 
the solvents and dry the extract se Paratory funnels. Evaporate 

desiccate until cool and weigh. constan ‘ weight at 95-100 deg coSt; 

17 , 5Q hydrocarbons A 

8nd ' va ™ «ntil S!o„iS!ml h t 01 t0 thC unsa P°nifiable material 
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ing the flask in a mixture of ice and salt, Filter out the waxy hydro¬ 
carbons, using a funnel packed with ice and salt, and apply suction if 
necessary. Wash the flask and filter with'about 25 cu.cm, of 95 per cent 
alcohol, which has been previously cooled in the same temperature. 
Catch the filtrate in a flask which is afterwards cooled to — 4 or — 5 deg.cent, 
to make sure that all possible waxy hydrocarbons have been removed, 
and refilter if necessary. Dissolve the residue on the filter paper with 
hot chloroform, into the original flask. Evaporate the chloroform and 
dry the flask to constant weight at 95-100 deg.cent.; cool in a desiccator 
and weigh. 

Hydrocarbons B 

18. Evaporate the alcohol from the flask containing the alcohol 
soluble unsaponifiable material add 25 cu.cm, carbon tetrachloride and 
transfer to a separatory funnel. Shake with cone. H 2 SOi, drain off the 
discolored acid and repeat with fresh portions of acid until there is no 
longer any discoloration. After drawing off all the acid, wash the carbon 
tetrachloride solution with repeated portions of water until all traces of 
acid are removed. Transfer the carbon tetrachloride solution to a weighed 
flask; evaporate off the solvent and dry the flask to constant weight at 
96-100 deg.cent. Cool in a desiccator and weigh. 

Free Sulpliur 

19. Add two grams ICNOj to the aqueous solution and washings from 
the etherial separation of the unsaponified material. Evaporate to dry¬ 
ness in a silver or nickel dish and heat to quiet fusion, avoiding contamin¬ 
ation with sulphur fumes. Transfer with water to an evaporating dish, 
acidify with HCl, evaporate to dryness, and dehydrate silica. Add 
2 cu.cm, cone. HCl, take up in water, filter and wash, making a volume 
of 200 cu.cm. Heat to boiling and add slowly a slight excess of hot 10 
per cent BaCl 2 solution. Allow to stand over night, filter, wash, ignite, 
weigh the BaSOj and calculate to. sulphur. 

Definition of Terms Describing Compounds of Acetone Extract 

20. The difference between the Acetone Extract and the Free Sul¬ 
phur shall be called the Organic Extract. 

21. The difference between the Organic Extract, and the Unsaponi¬ 
fiable Material shall be called the Saponifiable Acetone Extract. 

22. The sum of the Hydrocarbons A and B shall be called the total 
Waxy Hydrocarbons. 

23. The difference between the Unsaponifiable Material and the Waxy 
Hydrocarbons shall be called Unsaponifiable Resins , 

Chloroform Extraction 

24. Extract continuously the residue from one of the acetone extrac¬ 
tions, (without necessarily removing the acetone that may be on it), for 
four hours with 60 cu.cm, chloroform, using a weighed flask, Distill 
off the solvent and dry the flask and contents for two hours at 95-100 deg. 
cent. Desiccate until cool and weigh. Continue to dry for one hour 
periods until constant weight is obtained. In drying, place the flask on 
its side but at a sufficient angle from the horizontal so that the extract 
does not appreciably run down the side of the flask, (If it is needful to 
watt after the acetone extraction, before starting the chloroform extrac¬ 
tion, the sample must bo kept in a vacuum of at least 50 mm. of mercury.) 
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Alcoholic Potash Extraction 

21). Dry the residue from the chloroform extraction at 50-60 dog,cent 
> J, ‘t iat0 a 200-cu.em, Erlenmeyer flask with 50 cu.cm, alcoholic KOI 
solution and boil for four hours under a reflux condenser, Filter th 
solution into a beaker and wash twice, using each time 25 cu.cm, ho 
absolute alcohol and then wash thoroughly with hot water, Evaoorati 
the solution to approximate dryness, take up in warm water and trnnsfo 
to a separatory funnel. Acidify with 15 cu.cm. 5 normal HC1, usim 
this to rinse the beaker. Add sufficient water to make the bulk of tin 
solution 100 cu.cm. When cool add 40 cu.cm, ether, using it to rinse 
the beaker in 20-cu.cm. portions. Shake the aqueous and etherial sola 
tions thoroughly. After complete separation, draw off the aqueous 
• lotion and treat in another separatory funnel, with a fresh 20-cu cm’ 

r Fillers 

nddin to/S i' /f:, y * <™ hot,™. Tnmfar the 

d sss oTr „r b . b r.r,s is r " d 20 

hours, or until the bulk of the filler, 110 deg,cent fo1 ' about 20 
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indication of rubber being nresent r * ® atment as lon £ as there is any 
tions during the further^K deCanted 

them through a tared filter paper This “ V<?d resic,ue and filter 
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sanje manner throughout the analyst as \SlfiUer dded in tho 

Ueigh aI1 Ulter papers in weighing bottles f m contain]n S the residue, 
without folding. Refitter if mineral matte Suffi ° le " t size to take them 
beaker that contained the decanted sohiti! ! h, '° Ugh ’ Was! > tho 

benzol, using a second beaker , to catch the "fillet 11,6 filtel ' papor ’ with 
beaker containing the residue, heat and aft^- or Add benzo1 to tho 

tins treatment with benzol until it is thnm f l l‘ , mg decaat , repeating 

well with benzol. Wash in th e " ° g y WaSh ° d ' Fiite >'and wash 

alcohol and then transfer the residues™ thelho. b ° th beakei ' S with hot 
and an acetone extracted policeman Wash fl ?, aper .’ US ‘ ng hot alcohol 
,n a,r at 93-100 deg.cent. and weigh A ^ With acet ° aa - Dry 

contents with benzol and alcohol dt t ^ the filter pa P er and 

until constant weight is obtained ’ T^' Ve ' gb and repeat this treatment 

‘r sfer t0 a poicoi?S b^rST: alUbe filtl ' ates «* wash- 

l.lhefl«m/„„„ dabove Add .1,1, 

greate! than 1 per cent, the entire 
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determination shall be repeated. Subtract 0.5 per cent as anarbitrary value 
for the amount of organic matter from the rubber retained with the fillers. 

Sulphur in Fillers 

27. Transfer the fillers from the filter paper into an iron crucible; 
burn the filter paper and add the ash to the crucible. Add the Total 
Sulphur flux and proceed with the determination of sulphur as in Section 
28, Total Sulphur. Subtract the percentage of sulphur found from the 
percentage of fillers to determine the percentage of fillers free from sulphur. 

Total Sulphur 

28, Mix a 0.5-g. sample with 4 g. NajOa and G g. IC 2 C0 3 in a dry 15- 
cu.cm, iron crucible. Cover and heat gradually until the mixture fuses, 
proceeding cautiousLy, as rapid heating will cause an explosion, and then 
bring to quiet fusios for 15 to 20 min. Apply the heat so as to avoid 
contamination with sulphur fumes, Rotate the crucible while the melt 
solidifies. When cool, put crucible and cover into a casserole containing 
200 cu.cm, of water; add 5-10 cu.cm, bromine water and boil until the 
melt is dissolved. Allow the precipitate to settle, decant the liquid 
through a thick filter and wash the residue with hot water. Acidify the 
filtrate with IiCl, evaporate to dryness and dehydrate silica; add two cu. 
cm, cone. HC1., take up in water, filter and wash, making the total volume 
about 400 cu.cm, Heat to boiling and add slowly a slight excess of hot 
10 per cent BaCl 2 solution. Allow to stand over night, filter, wash, 
ignite, weigh the BaSO, and calculate to sulphur. 

Specific Gravity 

29, The specific gravity shall be the ratio of the weight of a. given 
volume of the rubber, to the weight of an equal volume of water, both 
at 20 deg.cent, Cut strips of the largest applicable size from the con¬ 
ductor and use about 6 g. for the sample. Determine the specific 
gravity in the usual manner by means of a specific gravity bottle. Care 
must be taken that no air bubbles adhere to the sample. 

Checks 

30. Specific gravity determinations shall check within 0,01. The 
other duplicate determinations shall check within the following limits 
expressed as percentages of the original sample. . 


Determination Check 

Acetone Extract... 0.10 

Saponifiable Acetone Extract.... 0.10 

Unsaponlfinblo Resins...... 0.10 

Waxy Hydrocarbons. 0,10 

Free Sulphur. 0,05 

Chloroform Extract....... 0,10 

Alcoholic Potash Extract. 0.10 

Fillers, free from sulphur. 0.50 

Total Sulphur.. .. 0.10 


Interpretation 

31. The Rubber shall be considered to be the difference between 100 
and the sum of the Waxy Hydrocarbons, Total Sulphur and the Fillers 
(free from sulphur), expressed as percentages. If the Chloroform Ex¬ 
tract is over 3.0 per cent of the rubber so calculated, subtract the excess 
from the Rubber, If the KOH extract is over 1.8 per cent of the Rubber,- 
as first calculated, subtract this excess also from the Rubber. 
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„„ _ T , Carbon and Red Lead 

. Heat about one g. of the sample with 30 cu,cm cntm Hwn a 

carbon” 1- Wat6r ' A bkCk !nS ° luble resid,,e indicates presence* of 

l,on ° f KISUA N °* *•-» -0.1 js „ liM ,, lpl , al4 » han 

be required to titrate the iodine liberated. 

QQ „„ , Statement of Results 

■ he results of the analysis shall be stated in the following form; 

Acetone extract. Per con t 

Saponifiable acetone extract * * * * ..* 4 

Unsaponifiabie resins.| . 

Waxy Hydrocarbons... .. . . ’ 

Free sulphur.'' ’ .. 

Chloroform extract... 

Alcoholic Potash extract ... 

Fillers free from sulphur. . 

Total sulphur. ..... . . 

Rubber. . . . ...... 

Color of acetone extract (60 cu.cm.'vol.j V..'. 

Hydrocnrbons'A'fconsistency^nd'color) <PreSent ” nbSCnt) . 

Hydrocarbons B (solid or liquid).,,. . 

Color of chloroform extract (GO cu.cm.voU. 

carbon (present or absent)... . 

Red Lead (present or absent).*' [.. • « • 

Specific Gravity.*.*.* •« 

Part III—Explanation of Procedure 

General 

of wwsr^oSs^i^? 1 jh" i,<tio ‘ i t of its r° biem 

33£ i ffE 

development of a direct method tb ®. d /^thod rather than the 

spire confidence because of the'com™/^ C0ITeCt ' might nofc in ' 
to this purpose. comparative novelty of its application 

sidered'to ^ was con- 

=, zz “ tlcB 

as the determination of the sanonifimf 8 Sa ™ e ' 0tller methods, such 

w™ «„™ s: x* trr b “ ,nd 

rubber compound containing only XrXatter'c vX* °t ^ pUre 

or *“■ »< *>» uni oT.™ri‘," bC.“LT, e „ 
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be used in conjunction with other specifications provided the limits are 
changed to correspond with the amount and kind of rubber desired, and 
due consideration is given to interfering mineral matter. When applied 
to a compound without cercsine or paraffine wax the unsapanifiable 
acetone extract is the unsaponifiable resins. 

4. The method has been definitely described, to make it certain that 
experienced chemists may obtain concordant results. The interpreta¬ 
tion has been rigidly defined, obviating any ambiguity as to.the meaning 
that will be assumed, even though this sometimes appears to be arbitrary. 

Sample 

5. In order to obtain uniform results, the Committee has established 
by experiment that a definite method of sampling has to be adopted and 
that for all extraction^ the sample must be reduced in a prescribed manner 
to at least an approximately similar degree of fineness. For this reason 
the procedure specifies a definite type of grinder obtainable in two forms, 
and also specifies definite sieves. 

Extraction Apparatus 

6 . The Committee has proved that the extraction apparatus used 
by diffeient chemists must be of exactly the same form and the same size. 
It was also proven that small samples in the apparatus give the maximum 
results and that the rate of extraction is dependent upon the amount of 
solvent and its temperature as it passes through the sample. The 
apparatus finally adopted combines tile advantages of several forms that 
were studied and together with simplicity of operation and adjustment 
to uniform conditions, gives practically complete extraction when used 
as specified. A number of other variations that might have a possible 
effect upon the amount of extract, were tried but found to be inappreciable. 

Acetone Extraction 

7. The extraction is made within 2-1 hours of the preparation of the 
sample, so obviating any appreciable oxidation. Two samples are ex¬ 
tracted and united, so that a larger amount of extract may be obtained 
for the subsequent separations, and the extraction apparatus kept within 
a convenient size, Hot chloroform is used to facilitate the complete 
tiansference of the extract. The flasks are placed on their sides when 
■drying, to hasten the emission of the solvent and thus reduce chance of 
volatilizing, through longer heating, some of the more volatile constitu¬ 
ents of the extract. Drying in vacuo at room temperature, does not 
remove all the moisture if paraffine is present and such drying with heat 
or at ICO deg. cent, in an inert gas, presents no practical advantage over 
the method given. 

Separation of the Acetone Extract 

8 . The method given was devloped so that all the desired constituents 
could be determined on one sample. 

9. Emphasis is laid on thorough extraction of tire unsaponifiable 
material and the retention of the fiocculent material with the etherial 
solution. This latter material is not soluble in either ether or water, 
but it was proven that if such as was chloroform-soluble was included in 
the unsaponifiable materia!, the subsequent determination of the hydro-, 
carbons would be more exact. A portion of this fiocculent material is 
insoluble in chloroform. 
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10. The hydrocarbons are determined in two places making an 
ZTlLT;f, i0 H bet T“ tlle SO!id and «“ “*** ones.Tftth 

P . , ' . 16 fllSt hydrocarbons (A) are those insoluble in the solvent 

tjon a £ 3 ^ 

terminations made directly on other acetone extracts *** ^ ^ 
ference. ^ U " d u,lsa P 0Ili fiable resins^are obtained by dif- 

Chloroform Extraction 

tol ext!nction°or^“? Xtr r ti0n ShOUld be made once after the ace- 
of an 'abnormally high exTr c^’'Who , 30 “ tD ay ° id the dangor 
constant weight is obt dn d hefo “*"?* is dried «« s P^fied, 

If bituminous substances are preseVtlm?'? X , id f tion occurs ' 
extracted hv Hm tlmt P or tion which has not been 

be readily LtinguisheT’by’its' colof^The^ ^ f ll ° totorm and catl 
, . , Alcoholic. Potash Extraction 

*“* • ■»»» «™™t of 

, Fillers 

foovidetl volatile o, 

however, cannot be assumed to be the case. The determination of fil 

pSZ r„d”“ It* 1" ''“ bb ’ r ' b * s “"T • diracui* 

mittce can report a reasonably satf^Lto^nE" 161115 ^ ^ C ° 1H ' 

=pi : ^ms=M 
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process. The treatment with terebene must be performed in the presence 
of aii to bleak up the colloidal solution. A disadvantage of using terebene 
is the length of time required to obtain satisfactory solution. The speed 
is greatly hastened if at first xylol is used with the terebene. After de¬ 
canting this solution, terebene is used alone. The rapidity of the action 
is also hastened by increasing the temperature. That specified gives 
reasonable speed without serious danger of carbonizing the rubber or 
of losing any of the fillers by decomposition. 

18. It was proven that there is organic matter derived f rom the rubber, 
which is insoluble in the solvents and remains with the fillers. Without 
taking this into account, the fillers will appear high, and the rubber by 
difference, low. As this organic matter was proven to be largely proteid 
matter, and this was originally a part of the rubber, an allowance is made 
for it. This is the a nib tint generally retained when the method is carried 
out as specified. It is possible, by centrifuging, to throw out of the solu¬ 
tion a great deal more than this, and it is also possible to determine the 
approximate amount retained in each case, but the slight increase in 
accuracy does not justify the extra determination. 

19. Most of the details of this procedure arc self-evident, but it is 
probably worthy of note that the benzol solutions are filtered into a 
separate beaker, as otherwise the benzol is apt to precipitate, from the 
terebene solution, organic matter which may be mistaken for mineral 
matter or conceal mineral matter passing through the filter. The fil¬ 
trates are ashed since traces of mineral matter are always found in them. 
Emphasis must be laid upon the necessity of conducting blanks on the 
solvents. 

Sulphur in Fillers 

20. The sulphur in fillers is determined in order to calculate the rubber 
by difference. It is carried out only on the fillers obtained on the filter 
paper, the sulphur in the ash from the filtrate and washings, being neg¬ 
ligible. 

Total Sulphur 

21. Sevoial methods for total sulphur were tried. The method given 
was found to yield accurate results. 

Interpretation of Results 

22. . Emphasis is laid on the method of calculating the results. The 
saponifiable acetone extract and the utisaponifiable resins are considered 
to be parts of the rubber. The chloroform and alcoholic potash extracts, 
when within the limits specified, are also so considered. It has been ex¬ 
plained that the proteid matter with the fillers has been allowed for, since 
it also is a part of the rubber. The fillers are calculated sulphur-free, 
so .that the sulphur will not be subtracted twice. No allowance is made 
for the ash in the raw rubber as it is considered to be negligible. This 
method of calculation has to be adopted if the rubber found is to agree 
with that originally put into.the compound. 

, Moisture 

23. A determination of moisture is not given, as electrical tests will 
detect its presence if in excess. If electrical tests are required, the error 
introduced by the omission of this determination, is very small. 

Note: With a procedure of this length it is impossible to explain every 
detail without undue elaboration and the Committee wishes to point out 
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that while to experienced chemists the procedure may seem overburdened 
by detail, yet every specified detail was found necessary in order that U, ' 
conditions essential to accurate and consistent work might be reproduced 
by all chemists using the procedure. For this reason it is extrenn'lv 
important that all instructions be observed even if their significance is 
not perceived by the individual chemist. It will probably bo found !,, 
even with the instructions properly observed, some experience will 
needed to apply the method successfully. 

Part IV—Specification for 30 Per Cent Hevea Rubber Comfoun,, 

1. A 30 per cent fine Para or smoked first latex Hevea rubber comiimm.l 

sissr be ,i " nis " e "' 11 wrsr 

Rubber, , 

Sulphur, 

Inorganic mineral matter. 

Refined solid paraffine or eeresine, 

2. It shall not contain either red lead or carbon 

d. 1he vulcanized compound shall conform to the following reuuiiv 
Committee?" ***** ** l>n>Ced,,re ° f the J oblt Rubber Insulation 

(a) Results to be expressed as percentage 1 
sample: 

Rubber.... 

Waxy hydrocarbons. 

Free sulphur.. 

(b) Results to be taken between the limit 
the percentage by weight of rubber found: 

Limits allowed for .'10 per cent Rubber Compound. 

bapomfiable acetone extract. 

Unsaponifiable resins.]. 

Chloroform extract. 

Alcoholic potash extract. 

Total sulphur (see note 2). 

Specific gravity. 

Limits allowed for 33 per rent Rubber Compound. 

bapomfiable acetone extract. 

Unsaponlfiable resins.' .. 

Chloroform extract. 

Alcoholic potash extract. 

Total sulphur (sec note 2). 

Specific gravity... 

4. Ihe acetone solution shall not fluoresce 
straw colcn'. aCet0ne (6 ° CU * cm ' ) sha11 bo ***** than a light 

7 ' Chloror rb0n 7 hall / b . e S0Ud ' Waxy and not darker than alight brown. 

8 SSrmTr ( ■ m ' } Sh “ n bE n0t than a sfraw cTr! 

sidered sufficient ™ ° f ^ be 

, 9 ( ' ^tammation of the compound, such as by the use of impregnated 
Sion. n C “ th ° ]na,,ufaCt,,l ' er fram conforming to this specif,- 

Note 1: This specification shall be supplemented by appropriate 


by weight of the whol 

Maximum 

Minimum 

33 

30 

4 


0.7 

.. 

given in 

proportion h 

Maximum 

Minimum 

1.35 

0.65 

0.45 


0.90 


0.55 


2.10 

1.75 

1.50 

0.00 

0.50 


1.00 


0.00 


2,30 

1.67 
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clauses relating to tensile strength, elasticity, insulation resistance and 
dielectric strength. 

Note 2: The limit on total sulphur may be omitted at the option of 
the purchaser. See Part V of Report. 

Part V— Explanation of Specification 

1 . Experience has shown that compounds which upon analysis, show 
the characteristics of good Ilevea rubber, may bo relied upon to be more 
permanent than those made of rubber of other grades. It is not affirmed 
by the Committee that a compound which conforms with this specifi¬ 
cation, is necessarily permanent, or that a better compound cannot be 
made, but it is believed that enforcement of the specification will limit 
the use of inferior materials and that it will put the manufacturers more 
nearly upon an equality of endeavor, where they can use their experience 
to obtain the best results. Used in connection with the analytical pro¬ 
cedure, the specification will enable purchasers to order a good compound 
and to ascertain with a greater certainty than heretofore, whether .'the 
material received, represents the compound specified. 

2 . The term Ilevea applied to rubber means rubber from the Ilevea 
BrasiEensis tree whether wild or cultivated and regardless of the locality 
in which it has been grown. Para rubber is Ilevea rubber which has been 
shipped from the port of Para, Brazil, and conies in several grades. 
Smoked first latex Ilevea rubber is a high grade of plantation rubber which 
is collected prime and consists entirely of rubber which has risen in the 
settling vats. It is coagulated chemically and smoked in order to give 
it a hard cure, which ensures the greatest durability. The rubber required 
by this specification should be Ilevea rubber of good quality, such a. fine 
Para or smoked first latex plantation rubber. 

3. Carbon is excluded because it is considered, by some purchasers, 
to be deleterious. 

4. Red lead is excluded because of the possibilities of its deleterious 
effects on the rubber. 

5. Ozokerite is prohibited because the acetone extract obtainable 
f 10111 it interferes with the separation of the acetone extract obtainable 
from the rubber, thereby vitiating the assay of the rubber extract. This 
prohibition is unimportant to the manufacturers, as eeresine, which is 
permitted, is the essential constituent of ozokerite. 

6 . An upper limit is placed upon the rubber in order to prevent the 
attainment of electrical and mechanical strength by the use of an extra 
quantity of inferior rubber whose lasting qualities might not be satisfactory. 

7. The hydrocarbons are limited owing to their tendency to separate 
from the compound and thus possibly cause porosity. 

8 . The free sulphur is limited because an excessive amount may be 
deleterious. 

9. The maximum limit on the saponifiable acetone extract is to pre¬ 
vent the use of raw or reclaimed rubber with high saponifiable extract. 
The minimum limit assists in forcing the use of Ilevea rubber, since it is 
characteristic of the acetone extract from Ilevea rubber to be largely 
saponifiable, 

10. The. unsaponifiable resins are limited because a low proportion 
of unsaponifiable resins is characteristic of Ilevea rubber, A high result 
might be due to the presence of reclaimed rubber, 
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1J. The chloroform extract is limited, first to prevent the mm uf i'i 
luminous substances, and second, to limit dupolynierizod :mi! mule; 
cured rubber. «' 

12. The alcoholic potash extract is limited to prevent the u:;o «• 
saponifiable rubber substitutes. 

13. The specific gravity is limited to reconcile the sped limit i< m <- 
ingredients by weight with the practise of purchasing material by vohuif- 

14. Fluorescence of the acetone solution is prohibited as it hidi.-.il-. 
the presence of mineral oils. 

15. The color of the acetone extracts is specified to conform wit ii t h< 
normal color of the extract from Hevea rubber. A darker color imiii :i!> . 
adulteration or an inferior grade of rubber, 

lii. ihe hydrocarbons are required to be solid in order to prevent 11n- 
use of oils and paraffine of low melting point. 1'he shade roipiir.-d ? , 
that obtained from paraffine wax or cercsine. If hydrocarbons It an- 
hquid this would indicate reclaimed rubber softened with minor.-t! , M |. 
or a poor grade of paraffine. 


*'• LU,U1 OI U1G emorotorm extract is specified to conform wit 
the color of dissolved gum in minute quantities. The presence ..f I. 
luminous substances would be indicated by a brown or black color 
!S. It would be desirable that the sulphur of vulcanisation ho lit..in¬ 
to exclude reclaimed rubber, which contains the sulphur of its pn.vio.i 
vulcanization, but the Committee has not yet developed an uctmiiluhl 
method for determining this quantity. It is, therefore, confronted wit 
the choice of either placing a limit on the total sulphur or giving in, ih 
* *™f “ «*•*• b, sulphur limitation. Optio.f la 4, , J 

gnen to the purchaser to insert or omit the limit on total sulphur I 

insertion will at times exclude reclaimed rubber and the Committee t„- 

Comiffittee 5 tt 1 t0 ^ a ““!**“• c0mp0und with limitation. Tin 
Committee thinks that a sulphur limit positively excluding reclaim, 

it srv 

ticity and tensCrenS tests^ntrderto^d 1 by appro l' ritttu 
rubber has been used and that the f ■ add ' C {tS!iurancc I!""*! 
carried out; also bv am,mnl V , utC f anl2atlon has been properly 

assure proper ins,,lathiJ aL ft ° “, C Str0SS and ros ‘^ncc tests, to 

exact v^o f r;s f rs;rt^ir e,, i ty ° f r—** 

the material is to be put. depend upon the use to wliit-li 
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Mr. J. B Tuttip ' : n ' Rodman, • 
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STANDARDIZATION RULES* 


OP THE 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


HISTORY OF THE STANDARDIZATION RULES 

The first step taken by the Institute toward the standardization of 
electrical apparatus and methods was a topical discussion on " The Stand¬ 
ardization of Generators, Motors and Transformers,” which took place 
simultaneously in New York and Chicago on the evening of January 20, 
18D8, The discussion appears in the Institute Transactions, Vot. 
XV, pages 3 to 32. The opinions expressed were generally favorable to 
the scheme of standardization of electrical apparatus, although some 
members feared that difficulties might arise. As a result of this dis¬ 
cussion, a Committee on Standardization was appointed by -the Council 
of the Institute, consisting of the following members: 

Francis B. Crocker, Chairman. 

Cary T. Hutchinson Charles P, Steinmetz 

Arthur E. Kennelly Lewis B, Stillwell 

John W. Lied, Jr, Eliiiu Thomson 

After a careful consideration of the matter and consultation with the 
members of the Institute and interested parties generally, a 11 Report 
of the Committee on Standardization, 11 was presented, and accepted by 
the Institute, June 20, 1899. Those original rules appeared in the In¬ 
stitute Transactions, Vol. XVI, pages 255 and 208. 

As a result of changes and developments in the electric art, it was 
subsequently found necessary to revise the original report, this work 
being carried out by the following Committe on Standardization: 

Francis B. Crocker, Chairman. 

Arthur E. Kennelly Charles P, Steinmetz 

John W. Liee, Jr. Lewis B. Stillwell 

C. 0. Mailloux Eliiiu Thomson 

This revised report was adopted at the 19th Annual Convention at 
Great Barrington, Mass., on June 20, 1902, and appears in the Institute 
Transactions, Vol. XIX, pages 1075 to 1092. 

In consequence of still further change and development in electric,1 
apparatus and methods, it was decided in September, 1005, that a second 
revision was needed, and the following Committee was appointed to do 
this work. 

Francis B, Crocker, Chairman. 

Arthur E. Kennelly, Secretary. 

Henry S. Carhart Charles P. Scott 

John W. Lied, Jr. Charles P, Steinmetz 

C. O. Mailloux I-Ienry G. Stott 

Robert B. Owens S. W, Stratton 

*Notk: This edition of the Standardization Rules, which became effective July t, 1015, 
is a revision of the edition of December 1, 1914. J . 1 
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This Committee held monthly meetings and carried on extensive corre¬ 
spondence with manufacturers, consulting and operating engineers and 
other interested parties, and as a result, presented its report at the 23d 
Annual Convention,, held at Milwaukee, May 28-30, 1906. After con¬ 
siderable discussion the report was accepted and referred hack to the 
Committee for amendment and rearrangement ,in form. It was then 

u° th . e Board of Dire ctors for final adoption. In Septem¬ 

ber, 1906, the following Standardization Committee was appointed! 

Francis B. Crocker, Chairman. 

. w. _ Arthur E. ICennei.lv, Secretary. 
n„L cT™ D Charles F. Scott 

C O M^Tim? KS0N Charles P. Steinmetz 

C. O. Mailloux Henry G. Stott 

Robert B. Owens S. W. Stratton 

Elihu Thomson '* 

This Committee held monthly meetings, also sub-committee meetings, 
and carefully referred the rules as a whole, and each part of them, to 
the members of the Institute. The. rules were also entirely rearranged 
as to form, and put in shape to facilitate ready reference to them and 
enable future revisions to be made without breaking up the logical ar¬ 
rangement. Thus amended the rules were submitted to the Board of 
Directors and approved by it on June 21, 1907. The Board also directed 
that the rules should be presented, as accepted by the Board, at the 
Annual Convention held at Niagara Falls, June 24 to 27, 1907, which ac- 
tion was taken by President Sheldon on June 26, 1907. By the Con¬ 
stitution which went into effect on June 10, 1907, this Committee has been 
made a standing Committee with the title 11 Standards Committee," con- 
sisting of nine members. 

On August 12, 1910, the Board of Directors increased the size of the 
committee from nine to twelve members; on October 14 from twelve to 
fourteen, and on March 10, 1911, from fourteen to sixteen. The com¬ 
mittee thus constituted is given below. 

Comfort A. Adams, Chairman. 

TJ nr D Arthur E. ICennelly, Secretary. 

w r • l t? KS0N E. B. Rosa 

Ralph D E Mershon Charles P. Steinmetz 

ICALPH iJ. MERSHON CALVERT ToWNLEY 

at which°rT m!ttee , and sevei ' a c t ^b-committees held numerous meetings 
at which the general revision of the Standardization Rules of the Institute 

commie ’ C ?T l6te Standardization Rules ' a* revised by this 

June 27 ?9li er M P H Sen t d t0 ,“ d appr ° Ved ^ the Boal ' d of Directors on 
J e 27, 1911, at the Annual Convention held at Chicago, Ill. 

During the following two years (1911-1013) the Standards Committee 
“ hat modified and enlarged, undertook a radical revision of the 
Rules, particularly in connection with the important subject of Ratine 
“■"f '» 13 Committee wee fill ,mL „ s f d ' b “ £,*££ 
virmT ”,“ r™' “"iPrek™™ sub-committees for tho 
follows P& ° f th ° WOlk ' The Committee thus constituted is given as 
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A. E. Kennelly, Chairman. 

Comfort A, Adams, Secretary. 
SUB-COMMITTEE No. 1, ON RATING. 

II. M, Houart, Chairman. 

James Burke W. II. Powell 

W. C. L, Eglin Charles Ron bins 

B. G. Lamme C. F, Scott 

W, A. Layman James M. Smith 

W. L. Merrill Charles P. Steinmetz 

W. S. Moody j, Franklin Stevens 

Philip Torciiio 

2 . ON TELEGRAPH AND TELEPHONE 
STANDARDS. 

F. B. Jewett, Chairman. 

R. H. Marriott 
J. H. Morecroft 
’ J. M. Smith 
SUB-COMMITTEE No. 3. ON RAILWAY STANDARDS. 

W. A. Del Mar, Chairman. 

F, W. Carter* William McClellan 

Hugh Hazelton* Harold Pender 

E, R. Hill* Martin Schreiber* 

II, M. Hobart N. W. Storer* 

SUB-COMMITTEE No. 4. ON NOMENCLATURE AND SYMBOLS 
Comfort A. Adams, Chairman. 

Louis Bell H. Pender 

Dugald C. Jackson E. B, Rosa 

M. G. Lloyd A. S. McAllister 

R. H. Marriott 

SUB-COMMITTEE No. 5. ON WIRES AND CABLES. 


SUB-COMMITTEE No. 


H. W. Fisher 
F. F, Fowle 


Chairman. 

E. B. Rosa 
C. E. Skinner 
S. W. Stratton 


IT. W. Fisher, 

Wallace Clark 
W. A. Del MAn 
W. C, L, Eglin 

SUB-COMMITTEE NO. 6. ON RATING AND TESTING OF CON¬ 
TROL APPARATUS. 

L. T, Robinson, Chairman. 

Morton Arendt C. II. Sharp 

R. A. Carle p. h, Thomas 

_ Philip Torciiio 

Sub-committee No. I had representation from the National Electric Light Association 
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HKEFACE 

. . f ff millg these mles > the chief purpose lias been tc 
define the terms and conditions which characterize the ratine 
and behavior of electrical apparatus, with special reference tc 
the conditions of acceptance tests ° tc 

dimensions 01 detads of construction of anv annaratus lest the 
progress of design and production should be hampered! 
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DEFINITIONS 

Note. The following definitions are intended to be practically 
descriptive, rather than scientifically rigid. 

CURRENT, E.M.F. and POWER. 

(The definitions of currents given below apply also, in most cases, 
to electromotive force, potential difference, magnetic flux, etc,) 

1 Direct Current. A unidirectional current. As ordinarily used, 
the term designates a practically noil-pulsating current. 

2 Pulsating Current. A current which pulsates regularly in 
magnitude. As ordinarily employed, the tenu refers to unidirec¬ 
tional current, 

3 Continuous Current, A practically non-pulsating direct current. 

4 Alternating Current, A current which alternates regularly 

in direction. Unless distinctly otherwise specified, the term 

“ alternating current " refers to a periodic current with successive 
half waves of the same shape and area. 

6 Oscillating Current. A periodic current whose frequency is 

determined by the constants of the circuit or circuits. 

6 Cycle. One complete set of positive and negative values of an 
al ternating current. 

7 Electrical Degree. The 3G0th part of a cycle, 

8 Period. The time required for the current to pass through one 
cycle. 

9 Frequency. The number of cycLes or periods per second. The 
product of 27T by the frequency is called the lingular velocity of the 
current. 

10 Root-Mean-Square or Effective Value. The square root of 
the mean of the squares of the instantaneous values for one 
complete cycle. It is usually abbreviated r.tn.s. Unless otherwise 
specified, the numerical value of an alternating current refers to 
its r.m.s. value. The r.m.s. value of a sinusoidal wave is equal to its 
maximum, or crest value, divided by \/2, The word "virtual" 
is sometimes used in place of r.in.s., particularly in Great Britain. 

11 Wave-Form or Wave-Shape. The shape of the curve obtained 
when the instantaneous values of an alternating current are 
plotted against time in rectangular co-ordinates. The distance along 
the time axis corresponding to one complete cycle of values is taken 
as 27r radians, or 360 degrees. Two alternating quantities are said 
to have the same wave-form when their ordinates of corresponding 
phase (sec § 13) bear a constant ratio to each other, The wave¬ 
shape, as thus understood, is therefore independent of the frequency 
of the current and of the scale to which the curve is represented. 

12 Simple Alternating or Sinusoidal Current. One whose wave¬ 
shape is sinusoidal. 

Alternating-current calculations are.commonly based upon the as¬ 
sumption of sinusoidal currents and voltages. 
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17 


18 


*19 


♦20 


*21 


Phase. The distance, usually in angular measure nf tho k a 
-«y ordinate of „ ,1,eating f„ ^a"' ' ‘”, b “ “ 

ll “ ■>!»*« “I «■!» ordinate with reap.ctL hi, notat 
In the case of a sinusoidal alternating quantitv the XJ. T P 

Hon-Sinueoidfl 1 Quantities. Quantities that cannot be ren 

mmm 

Crest-Factor or Peak-Factor. The ratio of th» 
maximum value to the r.m.s. value TheeLf „ T ■ ° r 
wave is y /2 * 116 cres ^ f actor of a sine- 

ordinate ta^roveVn halfcvde be er ’™' S ' the aI e«hraio mean 
the w.™ paaeee™ „«h1»Sto^LTf, «” « 

that eero shall be taken which„T in d “ rlo s a single cycle, 
the succeeding iudf-cyde S - for 

That t\i + I. * y 16 forra factor of a sine-wave is 1.11. 

Ill© Distortion Factor of a wav** 'pi, e . +* r i 

Equivalent Sine Wave. A sine wave which has the 
frequency and the same r.m.s. value as the actual lave ^ 

Phase Difference: Lead and La* 
values of two sinusoidal altemat*’’ corres P ondln g cyclic 

^ vTage als! 

for this quan tity is disapproved 

*Not e: Definitions 18,20.yi, 22 23 2 i 25 rf , ~ j. „ T~ ulaa PP rov . e g. 

“• b "“‘ (••■ Stt .“S’ “ 
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*22 Reactive or Quadrature Component of the current in a cir- 
i cuit. That component which is in quadrature with the volt¬ 
age across the circuit; similarly, the reactive component of the 
voltage across the circuit is that component which is in quadrature 
with the current, The use of the term wattless component for this 
quantity is disapproved. 

*23 Reactive Factor. The sine of the angular phase difference 
between voltage and current; i. e .,the ratioof the reactive current or 
voitage to the total current or voltage. 

*24 Reactive Volt-Amperes. The product of the reactive component 
of the voltage by the total current, or of the reactive component 
. of the current by the total voltage. 

*25 Non-Inductive Load and Inductive Load. A non-inductive load is a 
load in which the*current is in phase with the voltage across the load. 
An inductive load is a load in which the current lags behind the 
voltage across the load, A condensive or anti-inductive load is one 
in which the current leads the voltage across the load. 

26 Power in an Alternating-Current Circuit. The average value 
of the products of the coincident instantaneous values of 
the current and voltage for a complete cycle, as indicated by 
a wattmeter. 

27 Volt-Amperes or Apparent Power. The product of the 
r.m.s. value of the voltage across a circuit by the r.m.s. value of the 
current in the circuit, This is ordinarily expressed in kv-a. 

28 Power Factor. The ratio of the power (cyclic average as 
defined in §26) to the volt-amperes. In the case of sinusoidal cur¬ 
rent and voltage, the power factor is equal to the cosine of their differ¬ 
ence in phase. 

29 Equivalent Phase Difference. When the current and e.m.f. 
in a given circuit are non-sinusoidal, it is customary, for pur¬ 
poses of calculation, to take as the “ equivalent " phase difference, 
the angle whose cosine is the power factor (see §28) of the circuit. 
There are cases, however, where this equivalent phase difference is 
misleading, since the presence of harmonics in the voltage wave, cur¬ 
rent wave, or in both, may reduce the power factor without producing 
a corresponding displacement of the two wave forms with respect to 
each other; e,g,, the case of an a-c. arc. In such cases, the com¬ 
ponents of the equivalent sine waves, the equivalent reactive factor 
and the equivalent reactive volt-amperes may have no physical sig¬ 
nificance, 

30 Single-Phase, A term characterizing a circuit energized by a 
single alternating e.m.f. Such a circuit is usually supplied through 
two wires, The currents in these two wires, counted positively out¬ 
wards from the source, differ in phase by 180 degrees or a half-cycle. 

31 Three-Phase. A term characterizing the combination of three 
circuits energized by alternating e.m.f.’s. which differ in phase by 
one-third of a cycle; i.e., 120 degrees. 

*Note: Definitions 10,20,21,22, 23, 24, 25 refer strictly only to cases where the 
voltage and current are both sinusoidal (see §11 and 12). 
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32 


S3 


34 


56 


57 


58 


69 


Quarter-Phase, also called Two-Phase A r . 
tenzing the combinnH™ r <. uase. a term charac- 

Tr & sss: 

than a single phase^This ter m,aPPl i- ed t0 a ° y system of more 

systems, ? 1 ^ tCrm 13 ord '"‘-»% applied to symmetrical 

Per Cent Drop. 

the terminal voltaglTexp^ resistance drop to 

resistance drop." P ent ’ ls cade d the per cent 

voltage, expressed fa°p2 Snt,'tho^T dr ° P t0 **“ te ™ itlal 
Similarly the ratio of the ’ ! in *" 

voltage, expressed in percent, is caUedThe‘‘T* ^ t0 the terminal 
Unless otherwise specified M “»'**#**««« drop." 

rated load and rated power factor^ ^ CGnt dr ° pS sllal1 be referre d to 

the^prtm^r/l^VSmeTto ’ o'" 7 ^ d 7 P wi!1 be *he sum of 

drop, in per ce/t *’ 

In the case of induction motors it „ i 

drops in per centof the internally induced em" ^ 0 " 8 t0CXpress the 

of Ihe average^iower to the ™ a<ddne ’ ^ or system. The ratio 
of time. The average power is taken"^™ * C6rtain pen ' od 

such as a day, a month, or a year and the * C6 ! tam penod of time - 
average over a short interval of the * ■ n,axlI «um is taken as the 

In each case, the inter val of 1 Ioac3 wi thin that period, 
which the average is taken should™^™ J°r d - and tlle per ' od over 
m * "half-hour monthly" load-flctaT The^ 6 ^ Spe . dfied - suoh 
period are usually dependent aJi, lhe P ro P e r interval and 

purpose for which the load factor is to be a Led ltl ° n8 “ d UP ° n the 

Plant Factor. The mtin n, 

°‘ZT *T <x - “ l '“ s ty 

■> ,r«—• *» ^ 

terminals. The demand may be a3 ’ soeci^d ^ the receivi «S 

It may be expressed either in kilowatt 7 ’‘' ontracte d for, or used. 

other suitable units, U ' kllovol t-amperes, amperes or 

demand, a^TeaTum™ ° r system ' Its greatest 

able and specified interval such 7 bUt averaEed over a Suit- 

Demand Factor * 3 f e ™temaximum demand." 

any system or part of a system to the! 7*™™ dei nand of 
ayatem, or of the part of system. ° f th * 
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62 


53 


54 


56 
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00 Diversity Factor. The ratio of the sum of the maximum 
power demands of the subdivisions of any system or parts of a system 
to the maximum demand of the -whole system or of the part of the sys¬ 
tem under consideration, measured at the point of supply. 

61 Connected Load. The combined continuous rating of all the re¬ 
ceiving apparatus on consumers’ premises, connected to the system 
or part of the system under consideration. 

62 The Saturation Factor of a machine. The ratio of a small 
percentage increase in field excitation to the corresponding 
percentage increase in voltage thereby produced. Unless other¬ 
wise specified, the saturation factor of a machine refers to the 
no-load excitation required at normai rated speed and voltage. It is 
determined from measurements of saturation made oil open circuit at 
rated speed. 

68 The Percentage Saturation of a machine, at any excitation 
may be found from its saturation curve of generated voltage 
as ordinates, against excitation as abscissas, by drawing a tangent to 
the curve at the ordinate corresponding to the assigned excitation, 
and extending the tangent to intercept the axis of ordinates drawn 
through the origin. The ratio of the intercept on this axis to the ordi¬ 
nate at the assigned excitation, when expressed in percentage, is the 
percentage of saturation and is independent of the scales selected for 
excitation and voltage. This ratio, as a fraction, is equal to the 
reciprocal of the saturation-factor at the same excitation, deducted 
from unity; or, if / be the saturation factor and p the percentage of 
saturation, . . 

P ** 100 f 1- — 

64 Magnetic Degree, The SOOth part of the angle subtended, at the 
axis of a machine, by a pair of its field poles. One mechanical 
degree is thus equal to as many magnetic degrees as there are pairs 
of poles in the machine. 

66 The Variation in Prime Movers which do not give an ab¬ 
solutely uniform rate of rotation or speed, as in reciprocating steam 
engines, is the maximum angular displacement in position of the re¬ 
volving member expressed in degrees, from the position it would 
occupy with uniform rotation, and with one revolution taken as 360 
degrees. 

66 The Variation in Alternators or alternating-current circuits 
in general, is the maximum angular displacement, expressed in 
electrical degrees, (one cycle = 360 deg.) of corresponding ordinates 
of the voltage wave and of a wave of absolutely constant frequency 
equal to the average frequency of the alternator or circuit in ques¬ 
tion, and may be due to the variation of the prime mover. 

67 Relations of Variations in Prime Mover and Alternator. If p is the 
number of pairs of poles, the variation of an alternator is p times the 
variation of its prime mover, if direct-connected, and pn times the 
variation of the prime mover if rigidly connected thereto in such a 
manner that the angular speed of the alternator is » times that of the 
prime mover, 
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whenever such ambiguity is likely to arise recommended that 

^ or capalty 

current which a device can safely ca ry and ha l the ( , p ° wer or 

“i:r se ^“ r r” e,o ‘ h *” , “ s ~ s ^^ 

«~d for the p«Sto, f, k ”°” “ * re.ist.nee. 

See §740. ’ ° contro1 °f a circuit or circuits. 

known. as' a ^eaTttncr coil^o^chX'^T'n , '- 1Cret ° f ° re . commonl >’ 

the reactance qf 1 which is used for the ’ possessin £ inductance. 

trol of a circuit or “ - 

Efficiency. The efficiency of an electrical 
18 the rati ° ° f its ^eful output to its total input ® " apParat,,s 
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Name of Quantity. 

Electromotive force, abbre 

viated e.m.f..... 

Potential difference, abbre¬ 
viated p.d. ... 

Voltage. _ 

Current. 


Power... „ 

Electrostatic flux. '.., 

Electrostatic flux density,'' 
Electrostatic field intensity 

Magnetic flux. .. 

Magnetic flux density,.... 

Magnetic field intensity. 


table I. 

s and Abbreviations. 

Symbol for 

the Quantity. Unit. 

E, e 

volt 

V, v or E, e 

M 

E, e or V, v 

tl 


ampere 

Q, s 

J coulomb, 

P,P 

\ ampere-hour 
watt 

* 

D 


F 


d>, ip 

maxwell* 

B, © 

gauss* 

II, 3C | 

gilbert per 
centimeter 


Abbreviatio 

for the Unii 


or gaussf 
gilbert* 


Magnetomotive force, ab-) • 
breviated m.m.f,.j gr 
Intensity of magnetization. j 

Susceptibility. K = j , „ 

Permeability. ^ = 

“iSSc Tf”!!- £‘«f IS'"""*"*’’ “■ for m 


gilbert p< 
cm, 
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Resistance. 

R. r 

ohm 


...» 

Reactance. 

X, x 

(< 


» . . ■ 

Impedance. 

Z, z 

II 


.... 

Conductance. 

e 

mho 



Susceptance. 

b 

if 


.... 

Admittance. 

y, y 

«c 



Resistivity. 

p f * 

ohm-ccnti- 


ohm-cm. 


i 

meter 



Conductivity. 

y l * 

mho per ceu- 

' 

mho per 


l 

timeter 


cm. 

Dielectric constant. 

£ or k 




Reluctance. n . 

51 

, , , , 


..I. 

Capacitance (Electrostatic 

capacity)... , 

Inductance (or coefficient 

c 

farad 


.... 


of self induction). 

L 

henry 


«... 

Mutual Inductance (or co¬ 
efficient of mutualinduction) 

■ M 

henry 



Phase displacement. 

9, <p | 

degree or 
radian 


0 

Frequency. 

/ cycLe per second 


~ 

Angular velocity. 

00 < 

radian per 
second 


.... 

Velocity of rotation... 

n | 

revolution 
per second 


rev. per 

sec. 

Number of conductors or 

JV j 

convolution 



turns . 

or turns of wire 


Temperature. 

t, i. e 

degree centi 


•c 



grade 



Energy, in general. 

U or W joule, watt-hour 

.... 

Mechanical work. 

W or A joule, watt-hour 

.... 

Efficiency.. 

V 

per cent 


.... 

Length.. . , 

J 

centimeter 


cm. 

Mass. 

m 

gram 


8- 

Time.. 

t 

second 


sec. 



j centimeter 


cm. J 

Acceleration due to gravity 

s 

1 per second 


per sec, 

4 


1 per second 


per sec. 1 

Standard acceleration due to 


[ centimeter 


cm .per ] 

gravity (at about 46 deg. 

■ So 

j per second 


sec. } 

latitudeand sea level) equals 


(_ per second 


per sec, j 


980.605f. . ... 

*Note, Tho numerical values of these quantities are ohms resistance and mhos con¬ 
ductance between two opposite faces of a cm, cube of tho material ln question, but the 
correct names are as given, not ohms and mhos per cm. cube, as commonly stated, 
tThis has been the accepted, standard value for many years and was formerly con¬ 
sidered to correspond accurately to 45° Latitude and eea level, Later researches, 
however, have shown that the most reliable value for 46° and sea-laveHs slightly 
(different; but this dqes affect the standard value given above. 
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91 Em \ Im and Pm should be used for maximum cyclic values e ianrf 
P tor instantaneous values, £ and / for r.m.s, values (see §10) and 
for the average vahie of the power, or the active power These 

S'°"h,: t r n t C6SSary hl dea ' ing with cont ' n «oiis-ciirrent 
face capitals. qimntltleS sholl,d be "Presented by bold- 

CLASSIFICATION OF MACHINERY. 

The machinery under consideration in these rules may be classified 

n va nous these various classifications overlap J n bBC 0 “ d 

locking m considerable degree. Briefly, they are- Direct Cunc t 
or Alternating-Current, Rotating or Stationary. Under Rota h v 
Appaiatus there are two principal classifications: First, according 

Mott ? " ° f ‘ he machines -' Generators, Boosters 

fotor-Generators, Dynamotors, Double-Current Generators Con’ 
verters and Phase Modifiers; Second, according to [he t'e ^ 
eonstiaction or principle of operation; Commutating, Synchronous 

j;: toh “ u ™<»««»««p« rt . 

ROTATING MACHINES, 

JUNCTIONAL CLASSIFICATION OF ROTATING MACHINES 

.leot“"‘p°™,' A ”‘ Cbi " e P»wcr into 

A P0 r hi “ *“•" i».» 

rS.:=H~s3*~~*= 

sssisissHi 

tribuUon, p „ po ,« of £”„?.* ^ th'."" 

sr^r„»' is- 

direcl “ d ,l, " n,u,,E 

l0 ’ churns * .rfr ™ pioyto / '»•«"" i» 


101 


102 


103 


104 


106 


106 


107 
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A Direct-Current Converter converts from a direct 
current to a direct current, usually with a change of volt¬ 
age. Such a machine may be either a motor-gen orator set or a 
dynamotor. 

A Synchronous Converter (sometimes called a Rotary Con¬ 
verter) converts from an alternating to a direct current, 
or vice-versa. It is a synchronous machine with a single 
closed-coil armature winding, a commutator and slip rings. 

A Cascade Converter, also called a Motor Converter, 
is a combination of an induction motor with asynchron¬ 
ous converter, the secondary circuit of the former feeding 
directly into the armature of the latter; i.e., it is a synchronous 
converter concatenated with an induction motor. 

A Frequency Converter converts the power of ail alter¬ 
nating-current system from one frequency to another, with 
or without a change in the number of phases, or in the voltage. 

A Rotary Phase-Converter converts from an alter¬ 
nating-current system of one or more phases to an alter¬ 
nating-current system of a different number of phases, but 
of the same frequency. 

A Phase-Modifier, also called a Phase-Advancer, is a machine which 
supplies reactive volt-amperes; e.g. to an induction motor, or to the 
system to which it is connected. Phase modifiers may be either 
synchronous or asynchronous. 

115 A Synchronous Phase-Modifier, sometimes called a Syn¬ 

chronous Condenser, is a synchronous motor, running 
either idle or with load, the field excitation of which may be 
varied so as to modify the power-factor of the system, 
or through such modification to influence the load voltage. 
The function of a Synchronous Phase-Modifier is to supply 
reactive volt-amperes to the system with which it is connected. 

CONSTRUCTIONAL CLASSIFICATION OF ROTATING MACHINES 

Commutating Machines 

130 Direct-Current Commutating Machines comprise a mag¬ 
netic field, of constant polarity, an armature, and a com¬ 
mutator connected therewith, These include; Direct-Current 
Generators; Direct-Current Motors; Direct-Current Boosters; 
Direct-Current Motor-Generator Sets and Dynamotors; Di¬ 
rect-Current Compensators or Balancers; and Arc Machines. 

131 Alternating-Current Commutating Machines* comprise a 
magnetic field of alternating polarity, an armature, and com¬ 
mutator connected therewith. 

♦Definitions ot a-c. commutator-motora have not yet been agreed upon. The differ¬ 
ences of opinion are fundamental and relate to the whole system to be employed 
in naming the numerous types. One example of this difference is In connection with 
the definition of the term " Repulsion-Motor”, some desiring to extend its use to cover 
alt a.c. commutator motors with short-circuited brushes, and others to substitute 
more systematic names for the various species of short-circuited brush motors, 
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132 Synchronous Commutating Machines include synchronous 
converters, cascade-converters, and double-current generators. 

133 Synchronous Machines Comprise a constant magnetic field 
and an. armature receiving or delivering alternating-currents in 
synchronism with the motion of the machine; i.e., having a frequency 
strictly, proportional to the speed of the machine. They may l.c 
sub-divided as follow; 

An Alternator is a synchronous alternating-current genera- 
tor, either single-phase or polyphase. 

A Polyphase Alternator is a polyphase synchronous allernn- 

alternator" 4 generat ° r ’ as distil1 S uish ed from a singlephase 

, ft" Alternator ls an Alternator in which 

both field and armature windings are stationary, n.ul in 
which masses of iron or inductors, by moving past the coil;,, 
alter the magnetic flux through them. It may bo cither 

singlephase or polyphase. 

A Synchronous Motor is a machine structurally identical 
with an alternator, but operated as a motor 

its « 
An Induction Motor is an alternating-current motor either 

po»«r f,,„ He p , im „ ry bj eiectronrngnetic mdS, 

SPEED CLASSIFICATION OF MOTORS, 
speed characteri°tics°as V followf’ ^ daSslfied with reference to tlieir 
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163 Adjustable-Speed Motors, in which the speed can be varied 
gradually over a considerable range, but when once adjusted 
remains practically unaffected by the load, such as shunt 
motors designed for a considerable range of speed variation, 

164 Varying-Speed Motors, or motors in which the speed 
varies with the load, ordinarily decreasing when the load 
increases; such as series motors, compound-wound motors, 
and series-shunt motors. As a sub-class of varying-speed 
motors, may be cited, adjustable varying-speed motors, or 
motors in which the speed can be varied over a considerable 
range at any given load, but when once adjusted, varies with 
the load; such as compound-wound motors arranged for 
adjustment of speed by varying the strength of the shunt field. 

CLASSIFICATION OF ROTATING MACHINES RELATIVE 
TO THE DEGREE OF ENCLOSURE OR PROTECTION 

160 The following types are recognized: 

Open 

Protected 

Semi-enclosed 

Enclosed 

Separately ventilated 

Water-cooled 

Self-ventilated 

Drip-proof 

Moisture-resisting 

Submersible 

Explosion-proof 

Explosion-proof slip-ring enclosure 

101 An “open” machine is of cither the pedestal-bearing or end- 
bracket type where there is no restriction to ventilation, other 
than that necessitated by good mechanical construction, 

162 A “protected” machine is one in which the armature, field 
coils, and other live parts are protected mechanically, from acci¬ 
dental or careless contact, while free ventilation is not materially 
obstructed, 

163 A “semi-enclosed” machine is one in which the ventilating 
openings in the frame are protected with wire screen, expanded metal, 
or other suitable perforated covers, having apertures not exceeding 
J of a square inch (3,2 sq. cm.) in area. 

164 An “ enclosed ” machine is so completely enclosed by in¬ 
tegral or auxiliary covers as to prevent a circulation of air between 
the inside and outside of its case, but not sufficiently to be 
termed air-tight. 

16G A “ separately ventilated ” machine has its ventilating air sup¬ 
plied by an independent fan or blower external to the machine. 

166 A “ water-cooled” machine is one which mainly depends on water 
circulation for the removal of its heat. 
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STATIONARY INDUCTION APPARATUS 
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204 The ratio of a transformer, unless otherwise specified, shall 

be the ratio of the number of turns in the high-voltage wind¬ 
ing to that in the low-voltage winding; i.e., the " turn-ratio." 

206 The voltage ratio of a transformer is the ratio of the r.m.s. 

primary terminal voltage to the r.m.s. secondary terminal 
voltage, under specified conditions of load. 

206 Tiie “ current ratio ” of a current-transformer is the ratio of 
r.m.s. primary current to r.m.s. secondary current, under speci¬ 
fied conditions of load. 

207 The “ marked ratio ” of an instrument transformer is the 
ratio which the apparatus is designed to give under aver¬ 
age conditions of nse. When a precise ratio is required, it 
is necessary to specify the voltage,, frequency, load and power 
factor of the load. 

208 Volt-Ampere Ratio of Transformers. 

The volt-ampere ratio, which should not be confused with 
real efficiency, is the ratio of the vol t-ampere output to the 
volt-ampere input of a transformer, at any given power factor. 

200 Auto-transformers have a part of their turns common to both pri¬ 
mary and secondary circuits. 

210 Voltage Regulators have t urns in shunt and turns in series with the 
circuit, so arranged that the voltage ratio of the transformation 
or the phase relation between tire circuit-voltages is variable at will. 
They are of the following three classes: 

211 Contact Voltage Regulators, in which the number of turns 
in one or both of the coils is adjustable. 

212 Induction Voltage Regulators,in which the relative positions 
of the primary and secondary coils are adjustable. 

213 Magneto Voltage Regulators, in which the direction of the 
magnetic (lux with respect to the coils is adjustable. 

214 Reactors, heretofore commonly called Reactance-Coils, also called 
Choke Coils; a form of stationary induction apparatus used to supply 
reactance or to produce phase displacement. See also §82 and 738. 

INSTRUMENTS 

226 An Ammeter is an instrument for measuring current, indicating 
in amperes. 

226 A Voltmeter is an instrument for measuring difference of potential, 
indicating in volts. 

227 A Crest Voltage Meter is a voltmeter designed to indicate either 
the crest; i.e., the maximum value, of an alternating voltage, or the 
r.m.s. value of the sinusoidal voltage having the same crest value. 

288 A Wattmeter is an instrument for measuring electrical power, in¬ 
dicating in watts. 

229 Recording Ammeters, Voltmeters, Wattmeters, etc., are instru¬ 
ments which record graphically upon a time-chart the values of the 
quantities they measure. 
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STANDARDS FOR ELECTRICAL MACHINERY 

260 The expressions “ machinery ” and " machines ” are here employed 
in a general sense, in order to obviate the constant repetition of the words 
" machinery or induction apparatus.” 

261 All temperatures are to be understood as centigrade. 

262 The expression^" capacity ” is to be understood as indicating " capa¬ 
bility ”, except where specifically qualified, as, for instance, in the case 
of allusions to electrostatic capacity, i. e., capacitance, 

263 Wherever special rules are given for any particular type of machinery 
or apparatus {such as switches, railway motors, railway substation 
machinery, etc., these special rules shall be followed, notwithstanding 
any apparent conflict with the provisions of the -more general sections. 
In the absence of special rules on any particular point, the general 
rules on this point shall be followed. 

260 Objects of Standardization, To ensure satisfactory results, 
electrical machinery should be specified to conform to the Institute 
Standardization Rules, in order that it shall comply, in operation, 
with approved limitations in the following respects, so far as they 
are applicable. 

Operating temperature 
Mechanical strength 
Commutation 
Dielectric strength 
Insulation resistance 
Efficiency 
Power factor 
Wave shape 
Regulation 

201 Capacity or Available Output of an Electrical Machine, So far 
as relates to the purposes of these Standardization Rules, the 
Institute defines the Capacity of an Electrical Machine as the load 
which it is capable of carrying for a specified time (or continuously), 
without exceeding in any respect the limitations herein set forth. 

Except where otherwise specified, the capacity of an electrical 
machine shall be expressed in terms of its available output. For 
exceptions see §277 and 802. 

262 Rating of an Electrical Machine. Capacity should be distin¬ 
guished from Rating. The Rating of a machine is the output marked 
on the Rating Plate, and shall be based on, but shall not exceed, 
the maximum* load which can be taken from the machine under pre¬ 
scribed conditions of test. This is also called the rated output, 

♦The term " maximum load " does not refer to loads applied solely for mechanical. 

commutation, or similar tests. 
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ception to this rule is made in the case of Railway motors, which, 
for some purposes, are also rated by their input, see §802.) 

277 Auxiliary machinery, such as regulators, resistors, reactors, 
balancer sots, stationary and synchronous condensers, etc., shall 
have their ratings appropriately expressed. It is essential to 
specify also the voltage (and frequency, if a-c.,), of the circuits on 
which the machinery may appropriately be used. 

KINDS OF RATING 

There are various kinds of rating such as: 

281 Continuous Rating. A machine rated for continuous service; 

shall be able to operate continuously at its rated output, without ex¬ 
ceeding' any of the limitations referred to in §260. 

282 Short-Time Rating. A machine rated for short-time service; 
(».c, service including runs alternating with stoppages of sufficient 
duration to ensure substantial cooling), shall be able to operate at its 
rated output during a limited period, to be specified in each case, 
without exceeding any of the limitations referred to in §280. Such 
a rating is a short-time rating. 

283 Nominal Ratings. For railway motors, and sometimes for railway- 
substation machinery, certain nominal ratings are employed. 
See 800 and §765. 

284 Duty-Cycle Operation. Many machines are operated oil a cycle of 
duty which repeats itself with more or less regularity. For pur¬ 
poses of rating, either a continuous or a short-time equivalent 
load, may he selected, which shall simulate as nearly as possible 
the thermal conditions of the actual duty cycle. 

285 Standard durations of equivalent tests shall be for machines 
operating under specified duty-cycles as follow: 

6 minutes 
10 * 

30 

00 * 

120 “ 

and continuous. 

Of these the first five are short-time ratings, selected as being ther¬ 
mally equivalent to the specified duty cycle. 

When, for example, a short-time rating of 10 minutes duration 
is adopted, and the thermally equivalent load is 25 kw. for that 
period, then such a machine shall be stated to have a 10-minute 
rating of 25 kw. 

286 In every case the equivalent short-time test shall commence 
only when the windings and other parts of the machine are within 
5°C of the ambient temperature at the time of starting the test. 

287 In the absence of any specification as to the kind of rating, the 
continuous rating shall be understood.* 

♦An exception is made in the case of motors for railway service, where in the ab¬ 
sence of of ony specification as to the kind of retina, the 11 nominal rating" as 
defined in §319 and 416 shall be understood. 
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288 Machines marked in accordance with S 2 H 4 ctinii u 
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permissible rises of temperature must not exceed those given in 
column 2 of the table in §376. 

308 Altitude. Increased altitude has the effect of increasing the tem¬ 
perature rise of some types of machinery. In the absence of in¬ 
formation in regard to the height above sea level at which the machine 
is intended to work in ordinary service, this height is assumed not 
to exceed 1000 meters {3300 feet.) For machinery operating at an 
altitude of 1000 meters or less, a test at any altitude less than 1000 
meters is satisfactory, and no correction shall be applied to the ob¬ 
served temperatures. Machines intended for operation at higher 
altitudes shall be regarded as special. See §267. ‘ft is recommended 
that when a machine is intended for service at altitudes above 1000 
meters 1(3300 ft.) the permissible temperature rise at sea level, until 
more nearly accurate information is available, shall be reduced by 
1 per cent for each 100 meters {330 ft.) by which the altitude ex¬ 
ceeds 1000 meters. Water cooled oil transformers are exempt from 
this reduction. 

30.9 Ambient Temperature of Reference for Water-Cooled Machinery. 

For water-cooled machinery, the standard temperature of reference 
for incoming cooling water shall he 25° C, measured at the intake 
of the machine. 

310 In the testing of water-cooled transformers, it is not necessary to 
take into account the surrounding-air temperature, except where the 
cooling effect of the air is 15 per cent or more of the total cooling 
effect, referred to the standard ambient temperature of reference of 
26°C. for water and40 <1 C,forair. When the effect of the cooling air 
is 15 per cent, or more of the total, the temperature of the cooling 
water should be maintained within 5°C, of the surrounding air, 
Where this is impractical, the ambient temperature should be de¬ 
termined from the change in the resistance of the windings, using 
a disconnected transformer, supplied with the normal amount of 
cooling water, until the temperature of the windings has become 
constant, 

311 In the case of rotating machines, cooled by forced draught, 
a conventional weighted mean shall be employed, a weight of 
four being given to the temperature of the circulating air supplied 
through ducts (see §304), and a weight of one to the surrounding room 
air. In the case of air-cooled transformers, see “ exception " §321. 

312 Machines Cooled by Other Means, For machines cooled by other 
means, special rules are necessary. 

313 Outdoor Machinery Exposed to Sun's Rays. 

Outdoor machinery not protected from the sun’s rays at times 
of heavy toad, must receive special consideration. 

314 Measurement of the Ambient Temperature During Tests of 
Machinery. 

The ambient temperature is to be measured by means of several 
thermometers placed at different points around and half-way up 
the machine, at a distance of 1 to 2 meters (3 to 6 feet),and protected 
from drafts, and abnormal heat radiation, preferably as in §316. 
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shall be the ratio of the inferred absolute ambient temperature of 
reference to the inferred absolute temperature of the ingoing cool¬ 
ing air, i, e. the ratio 27*.5/(234.5 + t)\ where t is the ingoing cooling- 
air temperature. 

Thus, a cooling-air room temperature of 30°C. would correspond to 
an inferred absolute temperature of 204.5° on the scale of copper re¬ 
sistivity, and the correction to 40°C. (274.6° inferred absolute tem¬ 
perature) would be 274.5 / 264.5 — 1.04, making the correction 
factor 1.04; so that an observed temperature rise of say 50°C. at the 
testing ambient temperature of 30°C. would be corrected to 50 X 
1.04 = 52°C, this being the temperature rise which would have oc¬ 
curred had the test been made with the standard ingoing'cooling- 
air temperature of 40°C. 

322 Duration of Temperature Test of Machine for Continuous Ser* 
vice. The temperature test shall be continued until sufficient evi¬ 
dence is available to show that the maximum temperature and 
temperature rise would not exceed the requirements of the rules, 
if the test were prolonged until a steady final temperature was 
reached. 

323 Duration of Temperature Test of Machine with a Short-Time 
Rating. The duration of the temperature test of a machine with 
a short-time rating shall be the time required by the rating. 
(See §286 and 286). 

324 Duration of Temperature Test for Machine having more than 
One Rating, The duration of the temperature test for a machine 
with more than one rating shall be the time required by that rating 
which produces the greatest temperature rise. In cases where this 
cannot be determined beforehand, the machine shall be tested 
separately under each rating. 

325 Temperature Measurements during Heat Run, Temperature 
measurements, when possible, shall be taken during operation, as 
well as when the machine is stopped. The highest figures thus 
obtained shall be adopted. In order to abridge the long heating 
period, in the case of large machines, reasonable overloads of cur¬ 
rent, during the preliminary period, are suggested for them, 

TEMPERATURE MEASUREMENTS 

340 The Actual Temperatures attained in the different parts of a 
machine, and not the rises in temperature, affect the life of the in¬ 
sulation of the machine. (See §300 to 302). 

341 The Temperatures in the Different Parts of a Machine which it 
would be desirable to ascertain, are the maximum temperatures 
reached in those parts. 

342 Whatever may be the Ambient Temperature when the machine 
is in service, the limits of the maximum observable temperature 
and of temperature rise specified in the rules should not be exceeded 
in service; for, if the maximum temperature be exceeded, the in¬ 
sulation may be endangered, and if the rise be exceeded, the excess 
load may lead to injury, by exceeding limits other than those of 
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three methods as provided. The appropriate method for anv 
particular case is set forth below. y 

45 Method Wo 1, Thermometer Method. 

This method consists in the determination of the temperature 

n b r y h ' CMy ° r a f h0 ’ thennome tcrs, by resistance thermometers’ 
or by thermocouples, any of these instruments being applied to the 
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3 Method No, 2. Resistance Method. 

This method consists in the measurement of the temperature of 
windings by their increase in resistance, corrected* to the instant of 
bu down when necessary. In the application of this method care¬ 
ful thermometer measurements must also be made, whenever prac 

the temperature at the Instant of shut-down. This can sometime?^ pra f !ettbl “ 
effected by plottlnn a curve win, ' I can sometimes be approximately 

as abscissas, and extrapolating back to the infant Xhu^down^Inoth^l ^ 
ces, acceptable correction factors can be applied ' ther n,Un 

S huLrn%hth“;e?t™ru‘;:haZ: u tXr ts show iMe temp ~ 

.sr.szsr.™:" - — • 
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ever measurement yields the higher temperature, that temperature 
shall be taken as the " highest observable ” temperature and a hot¬ 
test-spot correction of lCfC added thereto. 

349 The Temperature Coefficient of Copper shall be deduced from the 
formula 1/(234.5 + t). Thus, at an initial temperature f =40°C., 
the temperature co-efficient of increase in resistance per degree 
centigrade rise, is 1/(274.5) = 0.00364. The following table, 
deduced from the formula, is given for convenience of reference. 

TABLE II. 


Temperature Coefficients of Copper Resistance. 


t ■ 

Temperature ol the 

Increase in resis- 

winding, in degrees C. 

tance of copper 

at which the initial re- 

per °C,, per ohm 

sistance is measured. 

of initial resistance. 

0 

0.00 427 

5 

0.00 418 

10 

0.00 409 

15 

0.00 401 

20 

0,00 393 

25 

0.00 385 

30 

0.00 378 

35 

0.00 371 

40 

0.00 304 


3G0 In Coils of Low Resistance, where the joints and connections 
form a considerable part of the total resistance, the measurement of 
- temperature by the resistance method shall not be used. 

351 The Temperature of the Windings of Transformers is always to be 
ascertained by Method 2. In the case of air-blast transformers, it is 
especially important to place thermometers on the coils near the 
air outlet, 

352* Method No. 3. Embedded Temperature-Detector Method. 

I his method consists m the use of thermo-couples or resis¬ 
tance temperature detectors, located as nearly as possible at the 
estimated hottest spot, When method No. 3 is used, it shall, 
when required, be checked by method No, 2; the hottest spot shall 
then be taken to be the highest value by either method, the required 
correction factors (§348 and §356) being applied in each ease, 

353 By Building into the Machine suitably placed temperature de¬ 
tectors, a temperature not much less than that of the hottest spot will 
probably be disclosed. When these devices are adopted for such 
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temperature determinations, a liberal number shall be emplmv,! 
all reasonable efforts, consistent with safety, shall 1 

the var,ous piacei ’ wheru ti,e highe$t tompurut,;,’ ■ > tfi 


354 


Temperature-Detectors should be placed in at least two • 
locations. One of these should be between a coil-side* and ilw 
and one between the top and bottom coil-sides where tw ' 
per slot are used Where only one coil-side per slot is used ma¬ 
de efctors shall be placed between coil-side and core id , 
between coil-side and wedge. 


ad 


,i *'' 


366 Method No. 3 should be applied to all stators of machine., wi 
ores having a width nf nr\ __ x •. lu ' n,,u 1 


. - ;■ - - «fp«ou LO an stators of machinon ** 

cores having a width of 50 cm. (20 in.) and over. It s i H 1 ' 
be applied to all machines of 5000 volts and over if of V 1 * 
kv-«, regmllem m , wldlh . Thi> T™. 1 , W •> 

induction-regulators, »Wcl, shall be tested ns te.nlmJT 

Correction Factor for Method No. 3.-I n the case of ,, ! , ' 

'® , C t0 the highest reading. I„ single-layer windi.n-i I * 
detectors between coil-side and core and between coil-side am . 

100 c - p,us ra - 1000 ^ 


366 


376 


376 


377 


TEMPERATURE LIMITS 

turTf l6 , f U - e t'T thC Hmits for the hottest-spot 

rcoiui TrThe t 2: p srj? t rr 1 

permitted under rated-load conditions Zo iven^rSum, 

WhaEve°b e n ?ima S b btl Tf ,,B ^ £rom the fi Sures in .. Y. 

Whatever be the ambient temperature at the time of the test the ,v <• 

of mperature must never exceed the limits in column 2 M Vlir 

table. The highest temperatures, and temperature rises tdluim-d 

n any m.ohlno „ ,hs ,„p„ which „ „» ,'2“2 

the values indicated in the Table and clauses following. 

Ma P Sf bi T.^rmr tUreS and Temperatura Rises Insiilatlng 
. ' r,a . 111 ( see next page) gives the highest tomiieruUin 

and temperature rises to which various classes of insulating milniulr 

SLSiW l “ < ‘ ““■ M 

recognizes the ability of manufactures, 

150° C f° n S ^ ccessfull y at maximum temporatun'.s ui 

160 C. and even higher. However, as sufficient data covering r* 

unava, C hbT r th a 1 °”,°! f T™ ^ suoh temperatures are at pres,-,,.. 
unavailaWe the Institute adopts 125° C as a conservative limit I„t 

his class of insulation, and any increase above this figure should 
the subject of special guarantee by the manufacturer. 


*A coil-side is one of the two active sides of a coil. 
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TABLE III. 

Permissible Temperatures and Temperature Rises for Insulating 

Materials. 


Description of Material 


Cotton, silk, paper and simi¬ 
lar materials, when so treat¬ 
ed or^impregnated as to in¬ 
crease the thermal limit, or 
when permanently im¬ 
mersed in oil; also enamel¬ 
led wire*. 

Mica, asbestos and other ma¬ 
terials capable of resisting 
high temperatures, in which 
any Class A. material or 
binder is used for structural 
purposes only, and may 
be destroyed without im¬ 
pairing the insulating or 
mechanical qualities of the 
insulation. 


Maximum 
Temperature to 
which the 
material may 
bo subjected 


Maximum 

Temperature 

Rise 


C. Fireproof and refractory ma¬ 
terials, such as pure mica, 

_ porcelain, quartz, etc. No limits specified. 

Paper and similar materials, when neither impregnated nor im- 
IhniM’a?.? forCtaK* A?'in'TSblcm. 8 rta»ahtffhe L0"C below the 


378 When a lower-temperature class material is comprised in a com¬ 
pleted product to such an extent, or in such ways, that its subjection 
to the temperature limits allowed for the higher-temperature class 
material, with which it is associated, would affect the integrity of the 
, insulation either mechanically or electrically, the permissible tempera¬ 
ture shall be fixed at such a valite as shall afford ample assurance that 
no part of the lower-temperature class material shall be subjected to 
temperatures higher than those approved by the Institute and :et 
forth above. 
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379 TABLE IV 

Permissible Hottest Spot Temperatures and Limiting Observable 
Temperature Rises in Other than Water-Cooled Machinery 


Class 

At 

n 

Permissible Hottest-Spot Temperature,, .. 

_ .. 1 

mi 0 

125° 

1 


w W . O 

O 5 
£ 


Plot test Spot Correction. 

Limiting Observable Temperature. 

Limiting Observable Temperature Risci 
above 40°C.. 



Hottest Spot Correction. 

Limiting Observable Temperature. 

Limiting Observable Temperature Rise 
above 40°C.. , 


Hottest Spot Correction.. 

Limiting Observable Temper¬ 
ature. 

Limiting Observable Temper* 
ature Rise above 40°C.,, 


Hottest Spot Correction. 

Limiting Observable Temper¬ 
ature. , *,. 

Limiting Observable Temper-, 
ature Rise above 40°C,.. 


" ^ § M Hottest Spot Correction.10° -}-(«—0)* 10° -J-f r.l 

w ^ ^ kiniiting Observable Temper- , 

If ! § US" —CA—5) 

eng "f ature Rlso above 40«C... 6B°—(E-fi) 76°— (B~ E) 


will be 10°C. correction to be added to the maximum observable temperature 

Special Cases of Temperature limits 

388 Jzzsszzjz* ;r ,idi — 

mometer t i„ exoeVof P 90-y ' temperature - °>^vable by (.her- 
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388 Writer-Cooled Transformers, In these the hottest-spot tempera¬ 
ture shall not exceed 90°C. 

387 Railway Motor Temperature Limits, see §804 aud 806. 

388 Squirrel-Cage and Amortisseur Windings. In many eases the 
insulation of such windings is largely for the purpose of making 
the conductors fit tightly in their slots, and the slightest effective 
insulation is ample, In other cases, there is practically no insula¬ 
ting material on the windings, Consequently, the temperature 
lise may be of any value such as will not occasion mechanical in¬ 
jury to the machine. 

389 Collector Rings. The temperature of collector rings shall not be 
permitted to exceed the " hottest-spot " values set forth in §378 and 
379 for the insulations employed either in the collector rings them¬ 
selves or in adjacent insulations whose life would be affected by 
the heat from the collector rings. 

390 Commutators. The observable temperature shall in no case be 
permitted to exceed the values given in §376 and 379 for the in¬ 
sulation employed, cither in the commutator or in an}' insulation 
whose life would be affected by the heat of the commutator. 

391 Cores. The temperature of those parts of the iron core in 
contact with insulating materials must not be such as to occasion 
in those insulating materials temperatures or temperature rises in 
excess of those set forth in §376 and 379. 

392 Other parts, (such as brush-holders, brushes, bearings, pole-tips, 
cores, etc.) All parts of electrical machinery other than those 
whose temperature afiects the temperature of the insulating ma¬ 
terial, may be operated at such temperatures as shall not be in- 
jurious in any respect. 

METHODS OF LOADING TRANSFORMERS FOR TEMPERATURE 

TESTS 

393 Whenever practicable, transformers should be tested under con¬ 
ditions that will give losses approximating as nearly as possible 
to those obtained under normal or specified load conditions, main¬ 
tained for the required time (See §322 to 324). The maximum tern- 
peiature rises measured during this test should be considered as the 
observable temperature rises for the given load. 

An approved method of making these tests is the “ loading-back ” 
method, The principal variations of this method are— 

394 With duplicate single-phase transformers, 

Duplicate single-phase transformers may be tested in banks of 
two, with both primary and secondary windings connected in par¬ 
allel. Normal magnetizing voltage should then be applied and the 
required current circulated from an auxiliary source. One trans¬ 
former can be held under norma! voltage and current conditions, 
while the other may be operating under slightly abnormal con¬ 
ditions. 
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395 With one three-phase transformer. 

One three-phase transformer may be tested in a manner similar 
to (a), provided the primary and secondary windings are each com 
nected in delta for the test. Normal three-phase magnetizing volt 
age should be applied and the required current circulated from nn 
auxiliary single-phase source. 

396 With three single-phase transformers. 

Duplicate single-phase transformers may be tested in banks of 
three, in a manner simitar to (b) by connecting both primary ntid 
secondary windings in delta, and applying normal three-phase 
magnetizing voltage and circulating the required current from nn 
auxiliary single-phase source. 

397 Note: Among other methods that haver a limited application 

and can be used only under special conditions may be mentioned-. 

(1) Applying dead load by means of some form of rheostat. 

(2) Running alternately for certain short intervals of time on 
open circuit and then on short circuit, alternating in this way until 
the transformer reaches steady temperature. In this test, the vol¬ 
tage for the open-circuit interval and the current for the sliort-ciumil 
interval shall be such as to give the same integrated core loss, anil 
the same integrated copper loss, as in normal operation. 


ADDITIONAL REQUIREMENTS 

398 Short-Circuit Stresses. 

The Institute recognizes the self-destn.ctihility, both mcchnnicnl 
and thermal, of certain sizes and types of machines, when subjected 
to severe short-circuits, and recommends that ample protection be 
piovided in such cases, external to the machine if necessary. 
Over-Speeds. 

399 All Types of Rotating Machines shall be so constructed that 
they will safe y withstand an over-speed of 25 percent, except in the 

nors f h uT b, " eS ' which ' when equipped with emergency gover¬ 
nors, shall be constructed to withstand 20 per cent over-speed. 

In the case of Series Motors, it is impracticable to specify nercoii- 

™‘k«SiS“* E “ r “"‘” d0Ve, ''‘ p “ d ' on account of the viiryli,,. 

Water-wheel Generators shall be constructed for the maximum 
runawayspeed which can be attained by the combined unit. 

Momentary Loads. 

402 Continuously Rated Machines shall be renuh-od m ™ 

tary loads of 150 per cent of tb* ref funcd to carry inomcn- 

52 s*& r r star;; 

' ** 

the test“in the case of d T “° r C ° mmutator are injured by 
is not to be interpreted as S''? 0n " Rcted .generators, this clause 
generator at this overload, Q ^ P ‘“ ne moVRr to <Irive 


400 


401 
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403 Machines for duty-cycle operation shall be rated according to 
their equivalent load, either on the short-time or continuous basis, but 
if intended for operation with widely fluctuating loads, shall commu¬ 
tate successfully under their specified operating conditions. See{264, 
285. 

404 Stalling Torque of Motors 

Motors for continuous serviceshall.except when otherwise specified, 
be required to develop a running torque at least 176 per cent of 
that corresponding to the running torque at their rated load, with¬ 
out stalling. 

Obviously, duty-cycle machines must carry their peak loads with¬ 
out stalling. 

WAVE FORM 

406 The Sine Wave shall be considered as standard, except where 
deviation therefrom is inherent in the operation of the system of 
which the machine forms a part, 

406 The deviation of wave form from the sinusoidal is determined by 
superposing upon the actual wave,{as determined by oscillograph), the 
equivalent sine wave of equal length, in such a manner as to give 
the least difference, and then dividing the maximum difference 
between corresponding ordinates by the maximum value of the 
equivalent sine wave. A maximum deviation of the wave from sin¬ 
usoidal shape not exceeding 10 per cent is permissible, except when 
otherwise specified. 

EFFICIENCY AND LOSSES 

420 Machine Efficiency is the ratio of the power delivered by the 
machine to the power received by it. 

421 Plant Efficiency is the ratio of the energy delivered from the 
plant to the energy received by it in the a specified period of time.* 

422 Two efficiencies are recognized,con.ventional efficiency and directly- 
measured efficiency. Unless otherwise specified, the conventional 
efficiency is to be employed. 

423 Conventional Efficiency of machinery is the ratio of the output to 
the sum of the output and the losses; or of the input minus the losses 
to the input; when, in either case, conventional values are assigned 
to one or more of these losses. The need for assigning conventional 
values to certain losses, arises from the fact that some of the losses 
in electrical machinery are practicably indeterminable, and must, in 
many cases, either be approximated by an approved method of test 
or else values recommended by the Institute and designated " con¬ 
ventional" values shall be employed for them in arriving at the "con¬ 
ventional efficiency." 

424 Efficiencies based upon Conventional Losses shall be specifically 
stated to be conventional efficiencies. 

426 Directly-Measured Efficiency. Input and output determinations 
of efficiency may be made directly, measuring the output by brake, 


*An exception should be noted in the case of the efficiency of storage batteries. 
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or equivalent, where applicable. Within the limits of praclieiil 
application, the circulating-power method, sometimes described ns 
the Hopkinson or " loading-back 1 ’ method, may be used. 

126 Values of the Indeterminate Losses may also be obtained by 
brake or other direct test, and used in estimating actual efficiencies 
of similar machines, by the separate-loss method. 


427 Normal Conditions. The efficiency shall correspond to, or be 
corrected to, the normal conditions herein set forth, which shall be 
regarded as standard. These conditions include voltage, current 
power-factor, frequency, wave-shape, speed, temperature, or .such 
ol them as may apply in each particular case. 


428 

429 


iricittsui emenr 


. . , ' ..power snail ne measured 

at the tei minafs of the apparatus. In polyphase machines, sufficient 
measuiemcnts shall be made on all phases to avoid errorsofunbalance. 

Point at Which Mechanical Power Shall be Measured. Mcclmni- 
power delivered by machines, shall be measured at the pulley 
gearing, or coupling, on the rotor shaft, thus excluding tlic loss of 
power in the belt or gear friction. Sec, however, an exception in 


™ncy ot Alternating-Current machinery shall be measured ' 
when the current is in phase with the terminal vol age u, • s 
iitherw.e speafied'orun'ess a definite phase difference is inherent 
the apparatus, as in induction machinery. 

481 Efficiency of Alternating-Current Machinery in regard to WaveSl.ano 

.MStSS5rS=S^ 

reference temperature of 75°C. ’' ‘ h corrected to a 

** 

Uiose which remain riibLi.tialiy^cocTiaat ,lamcl l'. 

which vary with the load The fm-mn - • i ^ ” 0£lds ' nnd those 
and friction, also I 2 R losses in any ,SS’T ^ winda K p 
include I 2 R losses in series windings tTSTT,' Th ° latU ‘ r 
determined by measuring ^ . le constant losses may be 

at no load, ISS^X^xS^ —Tune 

windings and the <* ^ «*» 

434 ””‘t —- - 0.f«».»ln, 

losses which are assumed to be constant d ‘ ip P 1 '°*; owto < sJnce thj 
extent with the load and also k«» . d aCtualiy va »'y to some 

windings is sometimes appreciably'greater aCU,aI !oss in the copper 
loss. The difference between then,, than [ the calculated PR 

_J!!g^i ..nd.h.,.,„,| | 0 „„, i5 ZylZT'"’ t 

“ •“““■»- WmJSjsAS swaf 
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These latter are due to distortions in electric or magnetic fluxes 
from their no-load distributions or values, brought about by the load 
current, They are usually only approximately measurable, or may 
be indeterminable. 

TABLE V 

Classification of Losses in Machinery 


436 Losses in machinery may be classified as follows: 


Accurately Measurable 
or Determinable 

Approximately 
Measurable or 
Determinable 

Indeterminable 

a. No-Load Core Losses 
including eddy-cyrrent 

losses in conductors at 
no-load 

c. 

Brush Friction 
Loss 

It. Iron Loss due to 
flux distortion. 

b, 

Load 1 2 R losses in windings 
No-Load I 2 R" “ “ 

d, 

Brush-Contact 

Loss 

i. Eddy-Current losses 
in conductors due to 
transverse duxes oc¬ 
casioned by the load 
currents. 


e. Losses due to wind¬ 
age and to bearing 
friction 

k. Eddy- Current losses 
in conductors due to 
tooth saturation re¬ 
siding from distor¬ 
tion of the main flux. 


/. Extra copper loss 
in transformer wind¬ 
ings, due to stray 
(luxes caused by load 
currents 

1 

Tooth-frequency los¬ 
ses due to flux dis¬ 
tortion under load. 


g, Dielectric Losses. 

in- Short-Circuit Loss 
of Commutation. 


436 Evaluation of Losses. The larger individual losses are either 
accurately or approximately determinable, but certain of the in- 
dcterm'nable losses reach values in various kinds of machinery 
which require that they should be taken into account. 

Methods of measuring, approximating or allowing for these various 
losses are given below, 

LOSSES TO BE TAKEN INTO ACCOUNT IN VARIOUS TYPES 
OF MACHINES 

440 Direct-Current Commutating Motors and Generators, 

No-load core losses. (Accurately Measurable or Determinable). 
I*R loss in all windings. (Ace. Meas. or Deter.) 

Brush contact I ! R loss, (Approximately Meas. or Deter). 
Unless otherwise specified, use the Institute Standard of 1 Yolt 
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for either carbon oT graphite br’ \ f ° r t0tfll brush dr °P 

Friction of bearing S T ^ See 5464 and 819. 
Rheostat losses, when presenT So *«• or Deter.) 

<**“• t - D ~ J 

losses) which G Zy SLportnt 1 whkh (lnC,ad . in S ^^y-load iron 
wh.ch no satisfactory method of determlnaT **? the d6Sign ' and for 
be included as zero per cent in es ” S ^ foUnd - sllE >” 

41 S ^h-nous Motors and Generis C0 " Venti ° nal 

I 2 R loss in alhvindTngs. (Acc.' MeaT "n ' 
kw - and power factor. ' ' °* Deter -- ) based upon rated 

losses, theTnnhorl'S'™* 11 '.’.1" *»'“™»«ing these 
Friction hearings *«» <*■» !b. employed, 

Brush friction and brush-contact’ i (Approx ' Meas ‘ or Deter.) 
Rheostat losses, when present ° SS ' S negIi 2 ible ' 

Power factor! (£*££ ^ZTr^ * ^ *" d 

2 Induction Machines. rJ 

Sresrah'S'iagf'Scfr/- 

Stay load-losses. (I„cle..„ta bl “ 
losses, the method described in §469 theSe 

Brush friction when CQ , fpr ,i„ . be em Ployed. 

Meas. or Deter.) " MngS are Present, (Approx. 

Brush-contact loss. pi,,,,. . 

Unless otherwise specified use^f-hl^r .^ Ieas '' or Deter.), 
volt for contact drop pei - brush f I -iif tute Standar d of 1 
ite brushes, See §464, ' ' f either car bon or graph- 

Commutating A-C. XcTiLT^ (Appr ° X ' Meas ’ ° r Deter.) 

S- s SllS ngs (A S M - ° r Det «0 

Brush friction. (Ann™ if C °‘ Meas ' or Deter.) 

Brush-contact fa? An!^' ” Drt » r J 
otherwise specified, use Se^instS'st “ 1 D , eter,) Unless 

Short-Circuit loss ofcoramT)'^' 5 ' (ApPr ° X- Meas ‘ or Deter.) 
lation. (Indeterminable.) 

iron loss due to flux distor- mu t ■ 
tion. (Indeter ininable*)° r " is not «t this 

Iiddy-current losses due to „ Preparcd to make recour¬ 
ses varying with I oad IOns for a PP rox imating 

aad saturation, (Ind^ these, o^es. 

mmable.) 
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144 Synchronous Converters. 

No-load core losses. (Acc. Meas. or Deter.) 

I 2 R losses in all windings, based on rated lew. and power factor, 
(Approx, Meas. or Deter.) The I 2 R losses in the armature 
winding shall be derived from those corresponding to its 
use as a direct-current generator, by using recognized factors. 

Brush friction. (Approx. Meas. or Deter.) 

Rheostat losses when present, corresponding to rated *kw. and 
power factor. (Acc. Meas. or Deter.) 

Brush-contact loss. (Approx. Meas. or Deter.) Unless other- 
,wise specified, use the Institute Standard of l volt for con¬ 
tact drop per brush,—for either carbon or graphite brushes. 

See §464. 

.1 

Short-circuit loss of commuta¬ 
tion. (Indeterminable) 

Iron loss due to flux distor¬ 
tion when present. (In¬ 
determinable), 

Eddy-current losses clue to 
fluxes varying with load 
and saturation. (Inde¬ 
terminable.) 

Friction of bearings and windage. (Approx. Meas, or Deter,) 

For the booster type of synchronous converter, where the 
booster forms an integral part of the unit, its losses shall 
be included in the total converter losses in estimating the 
efficiency. 

446 Transformers. 

No-load losses. These include the core loss and the I 2 R loss 
due to the exciting current, (Acc, Meas. or Deter.) also the 
dielectric hysteresis loss in the insulation, (Approx. Meas. or 
Deter.) (See §470.) 

I 2 R losses in all windings. (Acc. Meas. or Deter.) 

Stray load losses. (Approx, Meas. or Deter,). These include 
eddy-current losses in windings and core, due to fluxes varying 
with load. See §471, for the method of approximating these 
losses. 

DETERMINATION OR APPROXIMATION OF LOSSES IN 
ROTATING MACHINERY 

460 Bearing Friction and Windage may be determined as follows. 
Drive the machine from an independent motor, the output of which 
shall be suitably determined. The machine under test shall have its 
brushes removed and shall not be excited. This output represents 
the bearing friction and windage of the machine under test. 

The bearing friction and windage of induction motors may be 
measured by running motors free at the lowest voltage at which 
they will rotate continuously at approximately rated speed; the 


These losses, while usually of 
low magnitude, are erratic, 
and the Institute is not at 
this time prepared to make 
recommendations for approxi¬ 
mating them. 
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watts input, minus I 2 R loss, under these conditions being taken 
as the friction and windage. 

In the case of engine-type generators, the windage and bearing 
friction loss is ordinarily very small,amounting to a fraction of one 
per cent of the output. In these rules this loss is neglected owing 
to its small value and the difficulty of measuring it. 

61 Brusl1 Friction of Commutator and Collector Rings. Follow the 
test’d §450, taking an additional reading with the brushes in contact 
with the commutator or collector rings. The difference between the 
output obtained m the test in §450 and this output shall be taken as 
le brush friction. Note: The surfaces of the commutator and 
brushes should already be smooth and glased from running when 
this test is made. 

52 No-Load Core Loss. Follow the test in §461 with an additional 
reading taken with the machine excited. The difference between tin- 
output value of §461 and the output value of tins reading shall bo 
taken as the no-load core loss. This no-load core loss shall be taken 
with the machine so excited, as to produce rated terminal voltage. 
The Core Loss of Induction Motors may be determined by men- 

;Xfvoh,r tS l /r t0 the m0t0r when nlnnin f> free at normal 
load i f . r T enCy ' anfl “btnwting therefrom the no- 

load copper loss and the bearing friction and windage. 

3 to Sir; C r at the Internal Volt *£ c Corresponding 
to Rated Load. This shall be taken as in §462, except tint the 

"l” “ «“■« - >0 produce at ,lLota!, it li” 
age corresponding to the calculated internal voltage for the load 
and power factor under consideration. For synchronm.s 
machines, since no generally accepted method is available for oh 

taming the ot.to, th. i„to,„«L voltagg shnU bn dotora.Ii d 

by o,,eot„g , h , MrmiBI1 vol „ so 01lly 

whlh’tb'.”? r t “‘ m "Pon *h. material 

rtKrs ,nt:t“ ,ns ,he 


TABLE VI. 
Brush-Contact Drop. 


Grade of Brush 


Volts drop across one brueli-contnot. 
(Average of positive and negative brUBhev) 


Hard Carbon 
Soft Carbon 
Graphite 

Metal-Graphite types 


1.1 

0.0 

0.5 to 0.8 

0.15 to 0.5 (The former for l„rsoft proportion 
of metal) 


One volt drop per brush shall be considered as 11,n T,, , c .. 

ard drop corresponding to the I 2 R brush-contact' loss. for‘car 
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bnu and graphite I >i'ii:<lics. Metal - |;ru| iliit i* brushes shall he con¬ 
sidered as special. See 5810. 

455 Field-Rheostat Losses shall lie included in the generator losses 
where I here is a held rheosta t in series with the, held magnets of 
the generator, even when the machine is separately excited. 

400 Ventilating blower. When a blower is supplied its part of a 
machine tie!., the power required to drive it shall be charged against 
the complete) unit; but not against the machine alone. 

407 Lohhom in Other Auxiliary Apparatus. Auxiliary apparatus, sueli as 
a separate exciter for a general nr or motor, ahull have its losses 
charged against the plant of which the generator and exciter are 
a part, and not against the generator, An exception should In: 
noted in the elute of Inrliti-generator sets with direct-connected 
exciters, in which ease the losses in the exciter shall he charged 
against the generator. The actual energy of excitation and the 
lield-rlieostat losses, if any, (see 5400) shall lie charged against the 
generator. 

45B Stray Lond-I.oitnoH in Synchronous (loncrntors and Motors. These 
include iron losses, and eddy-current losses in the copper, duo to 
llitxcs varying with loud and also to saliirnlion. 

Stray load dosses ate to be determined by operating the. machine 
on short circuit and at rateddoud current. This, after deducting the 
windage and friction and l s R loss, gives the stray load-loss for 
polyphase generators and motors. These losses in single-phase 
machines are large; lint Ihe Instil ah' is not yet prepared to specify 
a met,Imd for measuring them. 

450 Stray Load-Lnstimt In Induction Machines. 

These include eddy-current losses in the stator copper, anti other 
eddy-current, losses due to fluxes varying with the load. In wind¬ 
ings consisting of relttlively limnll conductors, these eddy-current 
losses are tumidly negligible. 

With rotor removed, and for a given stator current, measure the 
input, the stator at, different frequencies. 1'lot. a curve of loss 
ugiiinsi. frequency, At low frequencies, the loss becomes constant, 
indicating the ! S H value. The difference between this l*R value 
and the total loss at normal frequency, ahull lie taken as the stray 
load loss. Thin method in not aeettrale. with induction molars in 
which the slots are entirely closed. In such machines these losses 
may lie greater. 

400 Polyplintio Induction-Motor Rotor I S U Loss. This should be tie- 
Lcnuincd from the slip, whenever llm hit ter in accurately delorminuhle, 
using the following equation; 


Rotor UK loss '■> 


Output X slip 
1 - slip 


(a large slip-ring motors, in which the slip cannot be directly meas¬ 
ured by loading, the rotor l a R loss shall be determined by direct 
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resistance measurement; the rotor full-load current to be calculated 
by the following equation: 


Current per ring 


watt s output 
rotor voltage at stand-still X VflXiC 


471 


llus equation applies to three-phase_rotors. For rotors wound 

or motOTof 150 k ° f V *' K ™ ay bo take » «« 0.08 

tor motois of 150 kw, or larger. The factor K usually decreases 

for smaller siz™* 01 " " reduCed ’ but 110 s P ecific ™ ll ‘« can be stated 

determination or approximation of losses in 
transformers ' 

™ b ” "®» with open second,,,, 

giving the rated uoo!2""Zn“^Tl he'tTto P 'i m, ; rr 

i. the core, as “’ll 1 ™ent losses 

static flux, which latter Inco • . 11 lnsu * ntlon due to electro* 

and the test should therefore preferably b^m^t tcnl P cratl| rc, 
temperature of 75 °C. c y be made at the reference 

Stray Load-Losses. These chaii 

mary voltage sufficient to produce ratedT !‘ P,> l ,yJlIB n pri * 
and secondary windings the 1-iHer i • d Cllllentm ^ lc primary 
load-losses will then be ea,11 * ? ” g S1 ° rt ciraiited - ^ stray 

12R losses in both windings, as computed f C “'' eaSQ<1 . by thc measured 
meats at actual temperature and I resistance measure- 

eerily ta„, to , al « i, ordi- 

“ “ “» Pri*,,,. winding thin inr." ’ **“"“11 

tests or D«cmc strength oe machinery 

^.ii »• - which 

inereia! operation is dependent upm U,, r 1 '“"'‘“pc for corn- 
chinery, ,„d /ts operating yni il a '“ 1 “• «' «'« 

service in which it is to be used and «,n IT' 1 the Iiattu ' e of t!lli 
chamcal and electrical stresses to wh.Vh^” the Sevcrity of the nio- 

haveT J* ° ther con< iitions of tet b ° Subjt!C!lod ' TJ W 

have been determined as reasonnhlg> „ i 1 are rccoinmcndod 

of cases, and are proposed for genera/adom^ £ ° r th ° sreat lua l°rity 
asons make a modification desirable 10n ' Whon s P ecif ic 

81 . Condition of Machinery to be Tested r 

m general, be made with the completel Conitt,ercial te sts shall, 

T f' ££S3 

— - - «= 
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not lio applied when Uli' insulation resistance i:i low owing to dirt or 
moisture. lligh-vollage tests shall ho made at the temperature ns- 
sinned under iioniinl operation or ill the temperature attained under 
the eomlilions of eotnmereinl testing. High-volt age tests to determine 
whether specifications are fulfilled, are admissible on new nut* 
ehines only. Unless otherwise agreed upon, high-volt,age tests of a 
niaehini! shall he nnderslnod as being made at the factory. 

d82 Points of Application of Voltage. The lest voltage shall he suc¬ 
cessively applied between each electric circuit and all other elec¬ 
tric circuits and metal parts grounded, 

das Interconnected Polyphase Windings are considered ns one circuit. 
All windings of a machine except that under l est, shall he enimeeted 
to ground. , 

484 Frequency, Wnvo Form and Tout Voltage. The frequency of 
the testing circuit shall not he less than the rated frequency of the 
apparatus tested, A sine-wave form is recommended. vice §406. 
I lu; test shall he made with alternating voltage having a crest 
value equal to \/2 times the specified test veil age, In d.e, machines, 
amt in the general eommereial application of n.c. machines, the 
testing frequency of 111! cycles per second is recommended. 

48D Duration of Application of Test Voltage. The tesling voltage 
for nil classes of apparatus shall he applied eonliutioualy for a period 
of lit) seconds, 

4B0 Apparatus for U«o on .Single-Phase, S-Pluuio-Oolta or 3-Phasc- 
8tar Circuits, Appnriilm), such as transformers, which may he used 
in si nr cinmcetitin on three-phase circuits, shall have the delta 
voltage, of the circuits on which they may he used indicated on the 
ruling plate and Thu lest shall he hosed oil such della voltage. 

VALUES OF A-C. TEST VOLTAGES 

BOO The Standard Test for All Classes of Apparatus, Excopt ns Other¬ 
wise Specified, Shull bo Twice the Normal Voltage of the Circuit 
to Which the Apparatus is Connected, Plus 1000 Volts. 

001 Exception Altornatlng-Ciirront Apparatus eonnoclod to Perma¬ 
nently Grounded Slnglo-Phaso Systems, for use on Permanently 
Grounded Circuits of more than 300 Volts, she!) he tented with 
2.711 times the voltage of the circuit to ground -|- IOOt) volts. This 
docs not refer to three-phase apparatus with grounded star neutral. 

S02 Exception Distributing Transformers, Transformers for prl 
rnnry pressures from filiO to fiOOII volts, the secondaries of which are 
directly connected In consumers' circuits and commonly known ns 
distributing IrnnsforiuorH, shall he tested with 10,000 volts from 
primary to corn and secondary comliincil. The secondary windings 
shall he tested with twice l.hcir normal voltage plus 1000 volts. 

003 Exception Auto-Transformers used for starting purposes, shall 
he tested with the same voltage as the lest, voltage of tin; appa¬ 
ratus to which they are connected. 
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604 Exception —Household Devices. Apparatus taking not over 

tifiO watts* and intended solely for operation on supply circuits not 
exceeding 250 volts, shall be tested with 900 volts, except in the 
ease of heating devices which shall be tested with 600 volts nt oper¬ 
ating temperature. 

606 Exception —Apparatus for use on Circuits of 26 Volts or Lower, 

such as bell-ringing apparatus,* electrical apparatus used in automo¬ 
biles, apparatus used on low-voltage battery circuits, etc., shall la- 
tested with 500 volts. 


606 Exception —Field Windings of Alternating-Current Generators 
shall be tested with 10 times the exciter voltage, but in no case with 
less than 1500 volts nor more than 3500 volts. 

607 Exception Field Windings* of Synchronous Machines, in- 
eluding motors and converters which are to be started from al¬ 
ternating-current circuits, shall be tested as follows; 

a When machines are started with fields short-circuited they 
shall be tested as specified in §506. 

b When machines are started with fields open-circuited and 
sectionahzed while starting, they shall be tested with 5000 volts, 
c. When machines are started with fields open-circuited ruul 
connected all series while starting, they shall be tested with 5000 

ii a £o 7™*%£* excitatiou and 8000 ™ its f ° r 

608 Exception Phase-Wound Rotors of Induction Motors. The 

°- f W0Und rotors of ind uction motors shall be 

When'ind r l indUCed Volta 8 e > Pi™ 1000 volts. 

U hen induction motors with phase-wound- rotors are reversed 

wh.le running at approximately normal speed, by r ve s , 
primary connections, the test shall be four times the nor nl 
duced voltage, plus 1000 volts 11 1,1 


609 


611 


eXnhe^m^ 

quired by the general rules. ‘ to Siound equal to that re- 


,SCriM fidd C0 “ 8 “ * “ ^ ~o oheuh nnd tC8ta(1 HS BUCh . 
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512 Transformers with Graded Insulation shall be so marked. They 
shall be tested by inducing the required test-voltage in the transfor¬ 
mer and connecting the successive line leads to ground. 

Transformer windings permanently grounded within the trans¬ 
former shall be tested by inducing the required test voltage in 
such windings, (See §500). 

MEASUREMENT OF VOLTAGE IN DIELECTRIC TESTS 
OF MACHINERY 

630 Use of Voltmeters and Spark-Gaps in Insulation Tests. 
When making insulation tests on electrical machinery, every 
precaution must be taken against the occurrence of any spark- 
gap discharges if! the circuits from which the machinery is being 
tested. A non-inductive resistance of about one ohm per 
volt shall bo inserted in series with one terminal of the spark gap. 
If the test is made with one electrode grounded, this resistance shall be 
inserted directly in series with the noil-grounded electrode. If 
neither terminal is grounded, one-half shall be inserted directly in 
scries with each electrode. In any case this resistance shall be as 
near the measuring gap as possible and not in series with the tested 
apparatus. The resistance will damp high-frequency oscillations 
at the time of breakdown and limit the current which will flow. 
A water tube is the most reliable form of resistor. Carbon resistors 
should not be used because their resistance may become very low at 
high voltages. 

531 ' For Machinery or Low Capacitance, When the ma¬ 
chinery under test does not require sufficient charging current to 
distort the high-voltage wave shape, or change the ratio of transfor¬ 
mation, the spark gap should be set for the required test voltage and 
the testing apparatus adjusted to give a voltage at which this spark 
gap just breaks down. This adjustment should be made with the 
apparatus under test disconnected. The apparatus should then be 
connected, and with the spark gap about 20 per cent longer, the 
testing apparatus is again adjusted to give the voltage of the 
former breakdown, which is the assumed voltage of test. This 
voltage is to be maintained for the required interval. 

632 For Machinery of High Capacitance. When the char¬ 
ging current of the machinery under tost may appreciably distort 
the voltage wave or change the effective ratio of the testing trans¬ 
former, the first adjustment of voltage with the gap set for the 
test voltage should be made with the apparatus under test con¬ 
nected to the circuit and in parallel with the spark gap. 

When making arc-over tests of large insulators, leads, etc. partial 
arc-over of the tested apparatus may produce oscillations which will 
cause the. measuring gap to discharge prematurely. The measured 
voltage will then appear too high. In such tests the " equivalent " 
ratio " of the testing transformer should be measured by gap to within 
20% of the arc-over voltage of the tested apparatus with the tested 
apparatus in circuit. The measuring gap should then be greatly 
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lengthened out and the voltage increased until the tested apparatus 
arcs over. This arc-over voltage should then be determined by nml- 
t plying the voltmeter reading by the equivalent ratio found above. 
Direct measurement of the spark-over voltage over one gap by 
another gap should always be avoided. 

I Measurements with Voltmeter. In measuring the voltage 
with a voltmeter, the instrument should preferably derive its 
voltage from the high-tension circuit, either directly, or by means of 
a voltmeter coil placed in the testing transformer, or through an 
auxiliary ratio transformer. It is permissible to measure the voltage 
at other places, such as the transformer primary provided cor¬ 
rections can be made for the variations in ratio caused by 
the charging current of the machinery gmder test, or pro¬ 
vided there is no material variation of this ratio. In any case, 
when the capacitance of the apparatus to bo tested is such as 
to cause wave distortion, the testing voltage must be checked by n 
spark gap as set forth in §638, or by a crest voltage meter. If the 
crest-voltage meter is calibrated in crest volts, its readings must he 
reduced to the corresponding r. m. s, sinusoidal value by dividing with 


oa* Measurements with Spark Gaps. If proper precautions 

X Sp ? P ps may be used t0 a < Iv ™t«g° in Checking 

he calibration of voltmeters when set up for the purposes of high- 
voltage tests of the insulation of machinery. 

w „*sr- «* ami. 

"Ji t , ■*“•?? *“ b « VOU.ECS rtovc m tv., 

and is to be preferred down to 30 kv, The needle spark-gap mnv 
lowever, be used for voltages from 10 to 50 kv. 

536 The Needle Spark Gap. The needle spark gap shall consist of 
new sewing needles, supported axially at the ends of linear conductors 
which are at least twice the length of the gap. The c mu It 
a clear space around the gap for a radius of at List twice the 


me sparking distances in air between No. 00 sewing noodle i.oints 
various root-mean-square sinusoidal voltages are as follows: 


TABLE VII. 

Needle-Gap Spark-Over Voltages 
(At 25°C and 760 mm. barometer). 


R M S Kilovolts 

Millimeters 

R.M.S. Kilovolts 

Millimeters 

10 

15 

20 

25 

30 

11.0 

18.4 
. 25.4 

33 

41, 

36 

40 

45 

50 

51 

02 

75 

00 
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Hie above values refer to a relative humidity of 80 per cent. 
Variations from this humidity may involve appreciable variations 
in the sparking distance. 

638 The Sphere Spark-Gap. The standard sphere spark-gap shall 
consist of two suitably mounted metal spheres. When used as speci¬ 
fied below, the accuracy obtainable should be approximately 2 per 
cent. 

No extraneous body, or external part of the circuit, shall be nearer 
the gap than twice the diameter of the spheres. By the "gap" is 
meant the shortest path between the two spheres. 

The shanks should not be greater in diameter than l/5th the sphere 
diameter. Metal collars, etc., through which the, shanks extend, 
should be as snikll as practicable and should not, during any meas¬ 
urement, come closer to the sphere than the maximum gap length 
used in that measurement. 

Tile sphere diameter should not vary more than 0.1 per cent and 
the curvature, measured by a spherometer, should not vary 
more than 1 per cent from that of a true sphere of the required 
diameter. 

539 In using the spherometer to measure the curvature, the distance 
between the points of contact of the spherometer feet should be 
within the following limits: 


TABLE Viri 

Spherometer Specifications 


Diameter of Sphere 
in m.m. 

Distance between 

contact points in mm. 

Maximum 

Minimum 

02,5 

35 

26 

126 

46 

36 

250 

65 

46 

600 

100 

66 


639A In using Sphere Gaps constructed as above, it is assumed that the 
apparatus will be set up for use in a space comparatively free from 
external dielectric fields. Care should be taken that conducting 
bodies forming part of the circuit, or at circuit potential, are not so 
located with reference to the gap that their dielectric fields are super¬ 
posed on the gap | e.g., the protecting resistance should not be arranged 
so as to present large masses or surfaces near the gap, even at a dis¬ 
tance of two sphere diameters. 

In case the sphere is grounded, the spark point of the grounded 
sphere should bp approximately five diameters above the floor or 
ground, 
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S40 The sparking distances between different spheres for various r.m.s 
sinusoidal voltages shall be assumed to be as follows: 

TABLE IX. 

Sphere-Gap Spark-Over Voltages 

(At 25°C and 760 mm. barometric pressuro) 


Sparking Distance in Millimeters, 



62.5 min. spheres 126 mm. spheres 


] One Both One Both One Both Ono Both I 

sphere spheres sphere spheres sphere spheres sphere spheres 

J grounded insulated grounded insulated grounded insulated grounded insulated 


M t0 "“»«*** rises of voltiige 

the gap undc^onsTanTvoLge or by s 

of the gap. Open arcs sholl i d * y thc voltage with a fixed sotting 

its operation, as they may affect Its calibration!* prQxiniHj ’ t0 tho K“l> during 

B41 C0RHECTI0N ' FACT0RS F0H SPHERE GAPS 

j‘««o r t°r r rtf;'"^ v “ 8 “ p ’ dcm *“ » ii " 

»>■ t, .''isr""' ™ s 
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1 III! spacing nt, whii.li it is necessary to not :l gup to spark over at. 
iiotiH' required voltage, is found a:’, follows: Divide liu* required 
voltage Iiy tin; correction factor given below in Table X. A now 
voltage is thus iihlaiiii'd, Tile spacing oil Ilia standard curves ob- 
(tiineil from ’I able IX, corresponding to this new voltage, is the re¬ 
paired .spacing. 

I he voltage ul which a given j'nj> sparks over is found hv taking the 
vullage corresponding to the spacing from the standard curves of 
Table IX, and multiplying by the correction factor. 

When the variation from sea level is not great, the relative air 
density may lie used as the correction faelor; when the variation is 
great, or greater aeenraey is desired, the correction fuel or correspond- 
iug to the relative air density should he taken from Table X below, 
in which ' 

.. O.IIIIU h 

Item live air density -■ .. 

r i>73 -I- / 

/» i-i haminetiic pressure in mm. 

I o .temperature in deg. C. 

Corrected curves limy he plotted for any given altitude, if de¬ 
sired. 

Values of relative air density and eorrespoiuling values of the eor- 
reelion factor are tubulated below. It will lie seen that for values 
above .11, the correction factor dues not dilVcr greatly from the relative 
air density. 


TA1) I,K X. 

Air-Density Correction Factors for Sphere Gnpa 


Relative 

air 

tlminlly 

Diumulrr of iitiuitlurr] npluinw in jimi» 


nti.fi 

12ft 

ami 

GOO 

0.00 

0.047 

O.litlfi 

0.087 

O.SIO 

d.nn 

O.tiW 

O.fiH’l 

0.070 

0.007 

ti.no 

O.IMII 

0.030 

o.oait 

0,010 

(i.im 

o.oho 

0.0V7 

0.070 

(1.000 

0. VO 

0.738 

0.78-1 

0.7 IS 

.0.711 

o.vr. 

0.777 

0.771 

0.700 

0,70(1 

n. ho 

o.hui 

0.810 

0.813 

0.807 

U.H0 

O.HOIl 

o.Htia 

0.HG0 

0.80G 

(I.IIU 

o.ttto 

o.titm 

0.000 

0.00*1 

O.tlfi 

O.Ufltl 

11.000 

0.004 

0.058 

1.00 

1.1)110 

1,000 

1.000 

1,000 

l.Ofi 

1,014 

l.tMO 

1.040 

1,040 

1.10 

1.0U0 

1.01)8 

1.004 

1.000 
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INSULATION RESISTANCE OF MACHINERY 

660 The Insulation resistance of a machine at its operating temperature 
shall be not less than that given by the following formula: 

Insulation Resistance in megohms- 

rated capacity in kv-a. +1000 

The formula only applies to dry apparatus. Such high values arc 
not attainable in oil-immersed apparatus.' 

Insulation resistance tests shall, if possible, be madeat a d.c. pressure 
of 500 volts. Since the insulation resistance varies with the pressure, 
it is necessary that, if a pressure other than 500 volts is to be employed 
m any case, this other pressure shall be clearly specified. 

The order of magnitude of the values obtained by this rule is 
shown in the following table: 


TABLE XI, 

Insulation Resistance of Machinery 


Rated 
Voltage 
o/ machine 


Megohms 


100 kv-a. 


1000 kv-». 


100 

1,000 

10,000 

100,000 


0.001 

0 . 0 ( 

0.1 


O.Ofi 

o.so 

6.0 

00 


10,000 kv-a, 


0.001 

0.01 

0.1 


651 


660 


humidity and^cleanhnes^^of temperuture, 

to the requiredstamiardhvcf bo bought up 

application of the dielectric test. ^ M ' ltable co,,dltlon for Uie 

regulation 

DEFINITIONS 

change in that quantity occurring b«we° V ° lt,e ° ” ,pw,l > la Ul« 
otherwise specified, the two load/ , Cn f ny two loads - Unless 

™ 1 ““* <■«*»*»« theTTlli^TttVt«: 
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pressed l>y the “ percentage regulation”, which is the percentage 
ratio of the change in I,lie quantity occurring between the two 
loads, to the value of the {|iinutity at either one or the oilier load, 
taken ns the normal value. It is assumed that all parts of the 
machine affecting the regulation maintain constant temperature 
between the two loads, and where the influence of temperature is of 
consequence, a reference temperature of 7f>”0 shall he considered as 
standard. If change of temperature should occur during the tests, 
the results shall he corrected to the reference temperature of 75°C. 

The normal value may he either the. no-load value, as the. no-load 
speed of induction motors; or it may he the rated-load value, as in 
tile voltage of a.c, generators. 

It is usual to slate the regulation of d-c. generators by giving 
ilia numerical vlilncs of the voltage at no loud and rated load, and in 
some eases it is advisable to state regulation at intermediate loads. 

601 The. Regulation of d-c. Generators refers to changes in voltage 
corresponding to gradual changes in load and does not relate to the 
comparatively large momentary lluetuntions in voltage that fre¬ 
quently accompany instantaneous changes In load. 

In determining the regulation of a compound-wound d-c. gener¬ 
ator, two tests shall be made, one, bringing the load down and the 
other bringing the load up, between no-load and rated load, 
These may differ somewhat, owing to residual magnetism. '1 he 
mean of the two results shall be. used. 

502 In couBtant-potontinl a-c, gonorators, the regulation is the rise 
in voltage (when the specified load at specified power factor is 
thrown off) expressed in per cent of normal rated-load voltage. 

003 In constfliit-curront machines, the regulation is the ratio of the 
maximum difference of current from the rated-load value (occurring 
in the range from rated-load to short-circuit, or minimum limit 
of operation), to the rated-load current. 

004 In CQiistant-Bpooil diroct-currout motors, nnd induction motors, 
the regulation is the ratio of tin; difference between Inll-lonil and no- 
load speeds to the lio-lonil speed. 

506 In conHtnnt-potontlal transformers, the regulation is the difference 
between the no-load and rated-load values of the secondary terminal 
voltage at the npecilied power factor (with constant primary im¬ 
pressed terminal voltage) expressed in per cent of the rated-load 
secondary voltage, the primary voltage being adjusted to such a 
value that Ilia apparatus delivers rated output at rated secondary 
voltage. 

600 In convertors, dynnmotors, motor-gonorators and frequency 
convertors, the regulation is the change In the terminal voltage of 
the output sida between lliii two specified loads. This may ho 
expressed by giving the numerical values, or as the percentage of 
the terminal voltage at rated load. 

007 In transmission lines, foodors etc., the regulation is the change 
in the voltage at the receiving mid between rated non-inductive 
load ami unload, with constant impressed voltage 11)1011 the sending 
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end. The percentage regulation is the percentage change in voltage 
to the normal rated voltage at the receiving end. 

568 In steam engines, steam turbines and internal combustion engines, 
the percentage speed regulation is usually expressed as the per¬ 
centage ratio of the maximum variation of speed, to the rated-lond 
speed in passing slowly from rated load to no load (with constant 
conditions at the supply.) 

669 If the test is made by passing suddenly from rated load to no 
load, the immediate percentage speed regulation so derived shall 
be termed the fluctuation, 

670 In a hydraulic turbine, or other water motor, the percentage 
’ speed regulation is expressed as the percentage ratio of the maximum 

variation in speed in passing slowly from rated^oad to no ioad (at 
constant head of water), to the rated-load speed. 

571 In a generator unit, consisting of a generator combined with a 
prime mover, the speed or voltage regulation should be determined 
at constant conditions of the prime mover; i.e. constant steam- 
pressure, head, etc. It includes the inherent speed variations of 
the prime mover. For this reason, the regulation of a generator 
unit is to be distinguished from the regulation of either the prime 
mover, or of the generator combined with it, when taken separately. 

CONDITIONS FOR TESTS OF REGULATION 

580 Speed and Frequency. The regulation of generators is to be 
determined at constant speed, and of alternating-current apparatus 
at constant frequency. 

681 Power Factor. In apparatus generating, transforming or trans¬ 
mitting alternating currents, the power factor of the load to which 
the regulation refers should be specified. Unless otherwise specified, 
it shall be understood as referring to non-inductive load, that is 
to a load in which the current is in phase with the e.mf. at the out¬ 
put side of the apparatus. 

682 Wave Form. In the regulation of alternating-current machinery 
receiving electric power, a sine wave of voltage is assumed, except 
where expressly specified otherwise. See §406. 

683 Excitation, In commutating machines, rectifying machines, and 
synchronous machines, such as direct-current generators and motors, 
as well as in alternating-current generators, the regulation is to be 
determined under such conditions as to maintain the field adjustment 
constant at that which gives rated-load voltage at rated-load 
current, as follows; 

0) In the case of separately-excited field mngnets-constant 
excitation. 

(2) In the case of shunt machines, constant resistance in the shunt- 
field circuit. 

(3) In the case of series or compound machines, constant resist¬ 
ance shunting the series-field windings. 
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Tests and Computation of Regulation of A-C. Generators. 

Any one of the three following methods may be used. They are 
given in the order of preference. 

Method a. . 

The regulation can be measured directly, by loading the gener¬ 
ator at the specified load and power factor, then reducing the load to 
zero, and measuring the terminal voltage, with speed and excitation 
adjusted to the same values as before the change, I his method 
is not generally applicable for shop tests, particularly on large 
generators, and it becomes necessary to determine the regulation 
from such other tests as can be readily made. 

3 Method b. , 

This consists in computing the regulation from experimental 
d-r n of he open-circuit saturation curve and the zero-power- 

c.v»«. The »™e, « °» epproxnnat- 


ti . „?/ | 'ft/' / Normal V oltage 

o ---- \—.k / " 

-j 4 /\b 

I 47 «v]/i 

5 -x / . 3/ /b I 

E ,07 ;W/ M 

?/ mA i 

7 ? i/tr | 

/ ^ i % I 

/ ^ P ri ic J _ 

) B FIELD EXCITATION 

Fig. 1 

NIK viry closely to h, can syn- 

low and the load saturation ci PP and the open circuit 

power ^^JSTeurve. for any power factor, can 

be'obtained by means of Obtain from test, the open- 

JZf&XSZ ™ OA 

zero power factor and open circuit is ec. the ter- 

On, the voltage that ^ordd be induced ^ apparent internal 

nunal voltage at zero powc. fnctm - other power factor can 

drop is ab. The terminal voltage 

tlmn he 


then he found by drawing a n e.i • _— -- asalgne d power factor. 

ssa" “»i. - «• - 





1840 


STANDARD, ZATrot, RULES or the a. E. E. 


an angle such that cos d> is the c . 

ancc drop (IR) in the \ ^ er * act °' of the load, b e the resist- 
ac the total induced voltage - ^ . ° taI mternal drop, (l „ ( l 

with the values obtained from Fig i “hete* laid ,° ff to “respond 

- 0 is obtained and the regulation'. «,™ c £ £~ 


per centl i c 100 XoV , 

• ■ since a' d< is the rise in voltage when the load 


d' c' 


Generally, ^ohmi^droT W " °h ** n ° rmaI volta ge o' d‘, 
influence on the regulation except “ gIected ' as ;t has very little 
where the armature resistance “ ,aehin « 

where regulation at unity power factor s h ^ ' ■" “ S ° me cases 
power factors, its effect is negliedS g . estlmated - p °rlow 

negligible ln practically all cases Jf 
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5 86 Method c. 
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open-circuit and short-circuit curve. by vll ' SStlmated ^.from 
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a el t0 'tself by the distance'05 I n high sif horiz0n tal!y par- 

° hlgh ‘ speed machines, or in others 






STANDARDIZATION RULES OR THE A. I. E. E. 1841 


having low reactance and a low degree oi saturation in the magnetic 
circuit, the zero-power-factor curve will lie quite close to BD, particu¬ 
larly in those parts that are used for determining the regulation. This 
is the case with many turbo-generators and high-speed water-wheel 
generators. In many cases, however, the zero-power-factor curve 
will deviate from BD, as shown by 13 C, and the deviation will be 
most pronounced in machines of high reactance, high saturation, 
and large magnetic leakage. The position of the actual curve BC 
with relation to BD, can be approximated with sufficient exactness 
by investigating the corresponding relation as obtained by test at zero 
power factor on machines of similar characteristics and magnetic 
circuit. Or curve BC can be calculated by methods based on the 
results of tests at zero power factor. After BC has been obtained, 
the saturation curve and regulation for any other power factor can 
be derived as in Method (b). 



E87 Tests and Computation of Regulation for Constant-Potential 

Transformers. , 

The regulation can be determined by loading the transformer 
and measuring the change in voltage with change in load, at the speci¬ 
fied power factor. This method is not generally applicable for shop 
tests, particularly on large transformers. 

The regulation for any specified load and power factor can be 
computed from the measured impedance watts and impedance volts, 
as follows: 

L °p = impedance watts, as measured, in the short-circuit test at 
75°C. 

E c =-- impedance volts, as measured in the short-circuit test. 

IX = Reactance Drop in Volts. 

I - Rated Primary Current. 

E = Rated Primary Voltage. 
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q r = percent drop in phase with current. 
tjx ~ percent drop in quadrature with current. 




q r = 100- 


Qx = 100- 


688 Then— 

1. For unity power factor, we have approximately :- 


Per cent regulation = q, 4- - 

' 200 

689 2. For inductive loads of power-factor m and reactive-factor », 

Per cent regulation = mq, -p nq x H—^ 


TRANSFORMER CONNECTIONS 

SINGLE-PHASE TRANSFORMERS 

GOO Marking of Leads. 

The leads of single-phase transformers shall be distinguished 
from each other by marking the high-voltage leads with the letters 
A and B, and the low-voltage lends with the letters AT and Y. They 
shall be so marked that the potential difference between A and B 
shall have the same direction at any instant as the potential dif¬ 
ference between X and Y. 

In accordance with the above rule, the terminals of single-phase 
transformers shall be market! as follows: 

601 (1) High- and Low-Voltage Windings in Phase: 

A - B 

X - Y 

G02 (2) High- and Low-Voltage Windings 180 dog, Apart in Phase: 


To operate transformers thus marked in parrallel.it is only neces¬ 
sary to connect similarly marked terminals together, (provided 
that the reactances and resistances of the transformers are such 
as to permit of parallel operation). 

Single-Phase Transformers with More Than Two Windings. 

Transformers possessing three or more windings (each being 
provided with, separate out-gping leads)* sha’I have the leads con- 
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nected to two of their windings, lettered in accordance with the 
preceding paragraph. The remaining leads shall be distinguished 
from the others by a subscript. For example, transformers possess¬ 
ing four secondary leads connected to two distinct similar wind¬ 
ings for multiple-series operation, shall be lettered as follows: , 

A - B 

! X - Y 

\Xi - Fi 

This indicates that the low-voltage winding consists of t\Vo dis¬ 
connected parts, one part having terminals XY and the other part 
having terminals XiYi. For multiple connection, X and Xj are 
connected together and Y and Fi are connected together. For 
series connection) Y is connected to X\. 

605 Neutral Lead 

An out-going 50 per cent, (neutral) tap lead should be lettered Jv, 

606 Internal Connections , 

The manufacturer shall furnish a complete diagrammatic sketch 
of internal connections, and all taps and terminals of the transformer 
shall be marked to correspond with numbers or letters in the sketch, 

THREE-PHASE TRANSFORMERS 

607 Three-phase transformers ordinarily have three or four leads for 
high-voltage, and three or four leads for low-voltage windings. To 
distinguish the various leads from each other, and also to distinguish 
between the various phase relations obtainable, the three high-vol¬ 
tage leads should be lettered A B C and the three low-voltage cads 
X Y Z, In addition, it should he distinctly stated in which of the 
three groups given in the following diagram the transformer 
belongs. 
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608 The rules given above Jor single-phase transformers in regard to 
the neutral tap, (See §60G) and also in regard to internal connec¬ 
tions, (See §600 to §604) are applicable to three-phase transformers. 

609 Angular Displacement, 

The angular displacement between high- and low-voltage windings, 
is the angle in the diagram in §607, between the lines passing 
from the neutral point through A and X respectively. Thus, in 
Group 1, the angular displacement is zero degrees. In Group 2, the 
angular displacement is 180°, and in Group 3 the angular displace¬ 
ment is 30°. 

610 Parallel Operation of Three-Phase Transformers. 

Three-phase transformers, lettered in accordance with the above 

rules, will operate correctly in parallel, if at their rated loads, their 
percentage resistance drops are equal, and their percentage reactance 
drops, are equal. It is furthermore necessary that the angular 
displacements between high-voltage and low-voltage windings shall 
be equal, i.e. that the transformers shall belong to the same group 
in the diagram in §607. It is then only necessary to connect 
together similarly marked leads. 

INFORMATION ON THE RATING PLATE OF A MACHINE 

620 It is recommended that the rating plate of machines which 
comply with the Institute rules shall carry a distinctive special 
sign, such as 11 A.I.E.E. 1015 Rating" or ‘‘A15” Rating. 

621 The absence of any statement to the contrary on the rating plate 
of a machine implies that it is intended for continuous service and for 
the standard altitude and ambient temperature of reference. See 
§§287, 306, 308 and 309. 

622 The rating plate of a machine intended to work under various 
kinds of rating must carry the necessary information in regard to 
those kinds of ratings. 

623 The rating plate, in addition to the name of the manufacturer 
and the serial number, should give the following information.* 

624 Generator, Direct-Current. 

Shunt, series, or compound. 

Output, in kw., with statement as to the kind of rating, ■ 

Terminal pressure, in volts, 

Current, in amperes. 

Speed, in revolutions per minute. 

625 Motor, Direct-Current. 

Shunt, series, or compound. 

Output, in lew., with .statement as to the kind of rating. 

Terminal pressure, in volts, 

Current, approximate, in amperes. 

Speed, in revolutions per minute, 

♦Information, for which space on the rating plate cannot bo provided, ohall bo 
furnished on a supplementary rating certificate. 
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026 Transformer. 

Frequency, in cycles per second. 

Number of phases. 

Output at the secondary terminals in kv-a., with statement as to 
the kind of rating. 

High pressure, in volts. 

Low pressure, in volts. See §§202, 203 and 204. 

Load markings and diagram of internal connections, as set forth in 
§000 to 609. 

627 Alternator. 

Frequency, in cycles per second. 

Number of poles. 

Number of phones. 

Output, in kv-a., with statement as to the kind of rating, 
Power-factor corresponding to rated output. 

Pressure between terminals, in volts, corresponding to the rated 
output. 

Current in amperes. 

Speed in revolutions per minute. 

028 Synchronous Motor. 

Frequency, in cycles per second. 

Number of poles. 

Number of phases. 

Mechanical output, in lew., with statement as to the kind of rating. 
Pressure between terminals, in volts, corresponding to the rated 
output. 

Current in amperes. 

If the motor is intended to work with a power factor different 
from unity, the necessary, information shall be given. 

Speed, in revolutions per minute. 

629 Synchronous Converter. 

Frequency in cycles per second. 

Number of poles. 

Number of phases, 

Output at commutator in kilowatts, with statement as to 
kind of rating. 

D-c, terminal pressure in volts. 

Current from commutator in amperes. 

Speed in revolutions per minute, 

630 Induction Motor. 

Frequency, in cycles per second. 

Number of poles. 

Ntimber of phases. 

Mechanical output, in kw., with statement as to the kind of rating. 
Pressure between terminals, in volts. 

Current, in amperes. 

Speed, in revolutions per minute, at rated output. 
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STANDARDS FOR WIRES AND CABLES 

TERMINOLOGY* 

635 Wire.^—A slender rod or filament of drawn metal. 

The definition restricts the term to what would ordinarily be under* 
stood by the term ° solid wire," In the definition, the word '* slender' 1 
is used In the sense that the length Is great in comparison with the 
diameter. If a wire is covered with insulation,fit Is properly called an in¬ 
sulated wire; while primarily the term M wire " refers to the metal, never¬ 
theless when the context shows that the wire is insulated, the term "wire *\ 
will bo understood to Include the Insulation. 

636 Conductor.—A wire or combination of wires not insulated from 
one another, suitable for carrying a single electric current. 

The term ** conductor " is not to include a combination of conductor! 
insulated from one another, which would be suitable for carrying several 
different electric currents. 

Rolled conductors (such as busbars) are, of course, conductors, but are 
not considered under the terminology here given. 

637 Stranded Conductor.—A conductor composed of a group of 
wires, or of any combination of groups of wires. 

The wires in a stranded conductor are usually twisted or braided to- 
gether* 

638 Cable,—(1) A stranded conductor (single-conductor cable); or 

(2) a combination of conductors insulated from one 
another (multiple-conductor cable). 

The component conductors of the second kind of cable may bo either 
solid or stranded, and this kind of cable may or may not have a common 
insulating covering, The first kind of cable is a single conductor, while the 
second kind is a group of several conductors, The term “ cablo M is applied 
by some manufacturers to a solid wire heavily Insulated and lead-covered; 
this usage arises from the manner of the insulation, but such a conductor 
is not included under this definition of "cable." The term "cable" !< 
a general one, and, In practise, it is usually applied only to the larger sizes, 
A small cable is called a '* stranded wire 11 or a " cord," both of which are 
defined below. Cables may be bare or insulated, and the latter may be ar¬ 
mored with lead, or with steel wires or bands. 

639 Strand.—One of the wires, or groups of wires, of any stranded 
conductor. 

640 Stranded Wire.—A group of small wires, used as a single wire. 

A wire has been defined ns n slender rad or filament of drawn metal. 
If such a filament Is subdivided Into several smaller filaments or strands, 
and is used as a single wire, it Is called a " stranded wire." There Is no 
sharp dividing line of size between a ** stranded wire " and a " cable." 
If used as a wire, for example In winding inductance colls or magnets, It is 
called a stranded wire and not a cnble. If it Is substantially Insulated, It 
is called a " cord," defined below. 


•Prom Circular No, 37 of the Bureau of Standard,, 
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641 Cord.—A small and very flexible cable, substantially insulated 
to withstand wear. 

There Is no sharp dividing line In respect to size between a " cord " 
and a “ cable," and likewise no sharp dividing line In respect to the character 
o£ insulation between a “ cord " and a " stranded wire." Rubber la 
used as the Insulating material for many classes of cords. 

642 Concentric Strand,—A strand composed of a central core 
surrounded by one or more layers of helically-laid wires or groups of 
wires. 

643 Concentric-Lay Cable.—A single-conductor cable composed of a 
central core surrounded by one or more layers of helically-laid wires. 

644 Rope-Lay Cable.—A single-conductor cable composed of a 
central core surrounded by one or more layers of helically-laid 
groups of wires, 

This kind of cable differs from the preceding In that the main strands 
are themselves stranded, 

646 N-Conductor Cable.—A combination of N conductors insu¬ 

lated from one another. 

It fs not Intended that the name as hero given be actually used. One 
would Instead speak of a " 3-conductor cable." a " 12-conductor cable" 
etc. In referring to the general case, one may speak of a " multiple-con¬ 
ductor cable " (as In deilnttlon §63B abovo.) 

646 N-Conductor Concentric Cable—A cable composed of an 
insulated central conducting core with (N — 1) tubular stranded con¬ 
ductors laid over it concentrically and separated by layers of in¬ 
sulation, 

This kind of cable usually has only two or three conductors, Such 
cables nre used for carrying alternating currents. The remark on the 
expression "N-conductor" given for the preceding definition applies bore also, 

647 Duplex Cable.—Two insulated single-conductor cables, twisted 
together. 

They may or may not have a common Insulating covering. 

648 Twin Cable.—Two insulated single-conductor cables laid paral¬ 
lel, having a common covering. 

649 Triplex Cable.—Three insulated single-conductor cables 

twisted together. 

They may or may not have s'common Insulating coveting, 

660 Twisted Pair.—Two small insulated conductors, twisted to¬ 
gether, without a common covering. 

The two conductors of a " twisted pair " are usually substantially in¬ 
sulated, so that the combination is a special case of a " cord." 

661 Twin Wire.—Two small insulated conductors laid parallel, 
having a common covering. 

SPECIFICATION OF SIZES OF CONDUCTORS 

6 62 The sizes of solid wires shall be stated by their diameter in mils, the 
American Wire Gage (Brown and Sharpe) sizes being taken as stand¬ 
ard. The sizes of stranded conductors shall be stated by their cross- 
sectional area in circular mils. For brevity, in cases where the most 
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careful specification is not required, the sizes o£ solid wires may be 
stated by the gage number in the American Wire Gage, and the sizes of 
stranded conductors sanaller than 250,000 circular mils (i.e., No. 0000 
A.W.G. or smaller) may likewise be stated by means of the gage 
number in the American Wire Gage of a solid wire having the 
same cross-sectional area. Futhermore, an exception is made in the 
case of 11 Flexible Stranded Conductors," for which see §665 below. 
In stating large cross-sections, it is sometimes convenient to use 
a circular inch (607 sq, mm.) instead of 1,000,000 circular mils, 


STRANDING 

653 Cables not requiring special flexibility shall be stranded in ac¬ 
cordance with the following table. 


TABLE XII 


Standard Stranding of Concentric-Lay Cables 



Number of Wires, 

SIZE 

A 

B 

c 

4See Note 1.) 

Bare Cables for 

Weatherproof Cables 

Insulated 

AERIAL USE* 

for AERIAL USE* 

Cables 

2.0 Cir, Inches 

01 

91 

127 

1.5 

61 

61 

91 

1.0 

01 

61 

61 

0.6 

37 

37 

61 

0.6 

37 

37 

37 

0.4 

19 

10 

37 

0000 A. W. G. 

7 

10 

19 

00 

7 

7 

19 

2 

(See Note 2) 

(See Note 2) 

7 

0 

(See Note 2) 

(See Note 2) 

(See Note 2) 


(1) For Intermediate sizes, use stranding for next larger size. 

(2) Solid Wire is recommended. 


♦Tentatively adopted pending ratification by other societies interested, 


654 Sectional Area of Cables. The cross-sectional area of n 
cable shall be considered to be the sum of the cross-sectional areas of 
its component wires, when laid out straight and measured perpendicu¬ 
lar to their axes. 

656 Flexible Stranding. Conductors of special flexibility should 
ordinarily be made with wires of regular A.W.G. sizes, the number of 
wires and size being given. The approximate gage number or ap- 
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proximate circular mils of such flexible stranded conductors may be 
stated. The following stranding table is suggested, 


TABLE XIII 


Proposed Standard Stranding of Flexible Cables' 1 ' 


Nearest 

A. W. G. Size 
(See Note 1) 

Circular 

Mils 

Number of 
Wires 

Size of Each 
Wire 

A, W. G. 

Make-up 
(See Note 2) 

_ 

1,102,941 

427 

16 

81x7 

- 

874,496 

427 

17 

U 

- 

093,448 

427 

18 

ft 

- 

, 649,970 

427 

19 

« 

- 

436,304 

427 

20 

* 

- 

340,913 

427 

21 

“ 

_ 

274,390 

427 

22 

rt 

- 

264,008 

259 

20 

37x7 

0000 

209,8X0 

259 

21 

“ 

000 

100,433 

259 

22 

M 

00 

135,920 

133 

20 

10x7 

0 

107,743 

133 

21 

« 

1 

86,466 

i 133 

22 

a 

2 

07,704 

133 

23 


3 

53,732 

133 

24 


4 

39,095 

49 

21 

7x7 

5 

31,487 

49 

22 

H 

0 

24,006 

49 

23 


7 

19,796 

40 

24 

U 

8 

16,700 

49 

26 

Optional (See 
Note 3) 

0 

12,451 

49 

28 

u 

10 

9,854 

49 

27 

u 

11 

7,830 

49 

28 


12 

6,208 

49 

29 

“ 

SnmUer 


To equal re¬ 
quited size 

30 

Bunched 


Note 1. The A. W. G. sizes are approximated within 5 per cent. 

Note 2. 01x7 signifies a rope-lay cable composed of 61 strands of 7 wires each. 

Note 3. Ropc-lay or bunched. ___ 


* This table is offered for consideration but will not be recommended for final 
adoption until ratified by other societies interested. The udditlon of another Table 
giving a further degree of flexibility is under consideration. The stranding of No. 4 
A. W. G. and smaller sizes, Is particularly open for discussion. 


Correction for Lay. The resistance and mass of a stranded 
conductor are greater than in a solid conductor of the same cross- 
sectional area, depending on the lay {i.e., the pitch of the twist of the 
wires), Two per cent shall be taken as the standard increment of 
resistance and of mass. In cases where the lay is definitely known, 
the increment should be calculated and not assumed. 

The direction of lay is the lateral direction in which the strands 
of a cable run over the top of the cable as they recede from an ob¬ 
server looking along the axis of the cable. 
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CONDUCTIVITY OF COPPER. 

676 The following I. E. C. rules are adopted:* 

The following shall be taken as normal values for standard an¬ 
nealed copper; 

(1) At a temperature of 20° C., the resistance of a wire of 
standard annealed copper one meter in length and of a uniform 

■ section of 1 square millimeter is 1/68 ohm = 0.017241_ohm. 

(2) At a temperature of 20°C., the density of standard annealed 
copper is 8.80 grams per cubic centimeter. 

(3) At a temperature of 20°C , the “ constant mass ” tem¬ 
perature coefficient of resistance of standard annealed copper, 
measured between two potential points rigidly fixed to the wire, is 
0.00393 = 1/254.46,.. .per degree centigrade* 

(4) As a consequence, it follows from (1) and (2) that, at a tem¬ 

perature of 20 °C. the resistance of a wire of standard annealed 
copper of uniform section, one meter in length and weighing one 
gram, is (1/58) X 8.89 = 0.15328. ohm.f§ 

676 Copper Wire Tables, The copper-wire Tables published by the 

, Bureau of Standards in Circular No. 31 are adopted. These Tables 

are based upon the I. E. C, rules stated in §876. 

1 

HEATING AND TEMPERATURE OF CABLES, 

677 Maximum Safe Limiting Temperatures, 

The maximum safe limiting temperature in degrees C. at the 
surface of the conductor in a cable shall be;— 

For impregnated paper insulation (86—E) 

" varnished cambric (75—E) 

“ rubber insulation (60—0.25E) 

where E represents the r.m.s. operating e.m.f. in kilovolts be¬ 
tween conductors, 

Thus, at a working pressure of 3.3 lev., the maximum safe limit¬ 
ing temperature at the surface of the conductor, or conductors, in 
a cable would be;— 

For impregnated paper 81.7°C, 

11 varnished cambric 71.7°C, 

" rubber insulation 6fl.2°C. 

ELECTRICAL TESTS. 

078 Lengths Tested. Electrical tests of insulation on wires and 
cables shall be made on the entire lengths to be shipped. 

*S«a I. E, c, Publication No, 28 " International Standard of Resistance for Coo¬ 
per " March 1014. 

tParagraphs (1) and (4) of §075 define what are sometimes called 11 volume re¬ 
sistivity," and “ mass resistivity " respectively, This may bo expressed In other 
units as follows;— volume resistivity = 1.7241 mlcrohm-cm. (or microhms in a 
cm, cube) at 20 °C, ™ 0,07870 microhm-inch at 20 °C,, and mass resistivity 
875.20 ohms (mile, pound) at 20 °C. 

§For detailed specifications of commercial copper, see the " Standard Specifica¬ 
tions" of the American Society for Testing Materials, 
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070 Immersion in Water, Electrical tests of insulated conductors not 
enclosed in a lend sheath, shall bemade while immersed in water after 
an immersion of twelve (12) hours,if insulated with rubber compound, 
or if insulated with varnished cambric. It is not necessary to im¬ 
merse in water insulated conductors enclosed in a lead sheath. 

In multiple-conductor cables, without waterproof overall jacket 
of insulation, no immersion test should be made on finished cables, 
but only on the individual conductors before assembling. 

680 Dielectric-Strength Tests. Object of Tests, Dielectric tests 
are intended to detect weak spots in the insulation and to deter¬ 
mine whether the dielectric strength of the insulation is sufficient for 
enabling it to withstand the voltage to which it is likely to be sub¬ 
jected in service, with a suitable factor of assurance. 

The initially-applied voltage must not be greater than the work¬ 
ing voltage, and the rate of increase shall not be over 100 per cent 
in 10 seconds. 

081 ' Factor of Assurance. The factor of assurance of wire or cable 
insulation shall be the ratio of the voltage at which it is tested to that 
at which it is used. 

682 Test Voltage. The dielectric strength of wire and cable insula¬ 
tion shall bo tested at the factory, by applying an alternating test 
voltage between the conductor and sheath or water. 

083 The Magnitude and Duration of the Test Voltage should depend 
upon the dielectric strength and thickness of the insulation, the 
length and diameter of the wire or cable, and the assurance factor 
required, the latter in turn depending upon the importance of the 
service in which the wire or cable is employed 

084 The following test voltages shall apply unless a departure is con¬ 
sidered necessary, in view of the above circumstances. Rubber 
covered wires or cable for voltages up to 7 kv. shall be tested in 
accordance with the National Electric Code, Standardization for 
higher voltages for rubber insulated cables is not considered possible 
at the present time, 

Varnished cambric and impregnated paper insulated wires or cables 
shall bo tested at the place of manufacture for five (6) minutes in 
accordance with the Table XIV below. 


TABLE XIV 

Recommended Test Kilovolts Corresponding to Operating Kilovolts 


Operating kv. 

Test kv, 

Operating kv. 

Test kv, 

Below 0,8 

0.5 

2.5* 

3 

5 

10 

14 

26 

1 

2 

4 

16 

3 • 

6.5 

20 

44 

;i 

4 

9 

11,5 

25 ■ 

53 


‘The minimum thickness of insulation shallbe 1/10" (1-6 mm.) 
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Different engineers specify different thickness of insulation for 
the same working voltages. Therefore, at the present time the test 
kv. corresponding to working kv. given in Table XIV are based 
on the minimum thickness of insulation specified by engineers 
and operating companies.! 

686 The Frequency of the Test Voltage shall not exceed 100 cycles per 
second, and should approximate as closely as possible to a sine wave. 
The source of energy should be of ample capacity. 

686 Where Ultimate Break-Down Tests are required, these shall be 
made on samples not more than 6 meters (20 ft.) long. The maximum 
allowable temperature at which the test is made for the particular 
type of insulation and the particular working pressure, shall not be 
greater than the temperature limits given in §* 677 . 

687 Multiple-Conductor Cables. Each conductor of a multiple-con¬ 
ductor cable shall be tested against the other conductors con 
nected together with the sheath or water. 


INSULATION RESISTANCE 

688 Definition. The insulation resistance of an insulated conductor 
is the electrical resistance offered by its insulation, to an impressed 
voltage tending to produce a leakage of current through the same. 

089 Insulation Resistance shall be expressed in megohms for a speci¬ 
fied length (as for a kilometer, or a mile, or one thousand feet), and 
shall be corrected to a temperature of 15.6° C. using a tempera¬ 
ture coefficient determined experimentally for the insulation under 
consideration. 

690 Linear Insulation Resistance, or the insulation resistance of Unit 
Length, shall be expressed in terms of the- megohm-kilometer, or 
the megohm-mile, or the megohm-thousaud-feet. 

691 Megohms Constant. The Megohms Constant of an insulated 
conductor shall be the factor “ K " in the equation 

R « K logio — 7 - 
tl 

where R =* T he insulation resistance, in megohms, for a specified 
unit length. 

D = Outside diameter of insulation. 
d = Diameter of conductor. 

Unless otherwise stated, IC will be assumed to correspond to the mile 
unit of length. 

692 Test. The apparent insulation resistance should be measured 
after the dielectric-strength test, measuring the leakage current 
after a one-minute electrification, with a continuous e.m.f. of from 
100 to 500 volts, the conductor being maintained positive to the 
sheath or water. 

7The Standards Committee does not commit itself to the principle of basing 
test voltages on working voltages, but it is not yet in possession of sufficient data 
to base them upon the dimensions and physical properties of the Insulation. 
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693 Multiple-Conductor Cables. The insulation resistance of each 
conductor of a multiple-conductor cable shall be the insulation re¬ 
sistance measured from such conductor to all the other conductois in 
multiple with the sheath or water. 

CAPACITANCE OR ELECTROSTATIC CAPACITY 

604 Capacitance is ordinarily expressed in microfarads. Linear Ca¬ 
pacitance, or Capacitance per unit length, shall be expressed in 
Microfarads per unit length (kilometer, or mile, or one thousand feet) 
and shall be corrected to a temperature of 15.6° C. 

69D Microfarads Constant. The Microfarads Constant of an insu¬ 
lated conductor shall be the factor " IC ” in the equation 



Logio—- 


where C — the capacitance in microfarads per unit length, 

D = the outside diameter of insulation. 
d — the diameter of conductor. 

Unless otherwise stated, IC will be assumed to refer to the mile 
unit of length. 

696 Measurement of Capacitance. The Capacitance of low-voltage 
cable, shall be measured by comparison with a standard 
condenser. For long lengths of high-voltage cables, where it is 
necessary to know the true capacitance, the measurement should be 
made at a frequency approximating the frequency of operation. 

697 Paired Cables. The capacitance shall be measured between the 
two conductors of any pair, the other wires being connected to the 
sheath or ground. 

698 Electric Light and Power Cables. The capacitance of low- 
voltage cables is generally of but little importance. 1 he capacitance 
of high-voltage cables should be measured between the conduc¬ 
tors, and also between each conductor and the other conductors 
connected to the lead sheath or ground. 

699 Multiple-Conductor Cables (not paired). The capacitance of 
each conductor of a multiple-conductor cable shall be the capacitance 
measured from such conductor to all of the other conductors in mul 
tiple with the sheath or the ground. 
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STANDARDS FOR SWITCHES AND OTHER CIRCUIT- 
CONTROL APPARATUS* 


SWITCHES 

720 The following Rules apply to Switches of above GOO volts. (For 
600 volts and below, see National Electric Code.f) 

721 Definition. A switch is a device for making, breaking, or 
changing connections in an electric circuit. r 

722 Rating. ' 

(a) By amperes to be carried with not more than 30 “C, rise 
on contacts and current-carrying parts. 

(b) By normal voltage of circuit on which it may be used. 

723 Performance and Tests. 

(a) Heating Test with rated current applied continuously until 
temperature is constant; ambient temperature 40 °C. 

(b) Dielectric Test at 2$ times rated voltage plus 2000. See 

§509. 


CIRCUIT BREAKERS 

724 Definition, A device designed to open a current-carrying circuit 
without injury to itself. A circuit breaker} may be: 

(a) An automatic circuit-breaker, which is designed to trip 
automatically under any predetermined condition of the circuit, 
such as ah underload or overload of current or voltage, 

(b) A manually tripped circuit-breaker, which is designed to be 
tripped by hand. 

Both types of operation may be combined in one and the same 
device. 


725 Rating. 

(a) By normal current-carrying capacity. 

(b) By normal voltage. 

(c) By amperes which it can interrupt at normal voltage of the 
circuit. 


720 Performance and Tests, The heating test shall be made with 
normal current, In oil circuit breakers the same oil must be used 
for heating tests as for rupturing tests. The rise of temperature at 
the contacts shall not exceed 30 °C. The Rise on tripping solenoids 
and accessory parts not to exceed 50 a C. Ambient temperature of 
reference, 40 “C. 


to magnetically-operated or air-operated switches 


^inese rules do not apply 
used for motor control. 

*Tm" C D 0d ® ” « S " National Eleotrlcal Code " «S recommended by 

the National Fire Protection Association, ^ 

tThese rules refer only to circuit breakers of above 650 volts. Por 650 volts and 
below, see the National Electric Code. voitsand 
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727 Dielectric Test. Same as §723. 

728 Rupturing Test must be made with the current specified under 
§726 (c), and at normal voltage. 

Note. Although circuit breakers should be considered as de- 
vices alone, no account being taken, in the rating, o£ the system on 
which they are to be used: yet in applying circuit breakers to any 
given service, it may be necessary to take into account the system 
on which they are to be used, with all its characteristics. 

Allowances must be made for the reactance, resistance, etc., of 
the circuit to be controlled, as these have a direct bearing on the 

maximum current flow. . . 

In some systems it has been found that the pressure rises so high 
during switching, that higher insulation tests than that specified 
■ in §723 should "be given. 


FUSES 

(For circuits up to and including 600 volts, see National Electric 
Code) 

Definition. A fuse is an element designed to melt or dissipate at 
a predetermined current value, and intended to protect against ab¬ 
normal conditions of current. 

Note. (The terminals, tubes, etc. which go with the fuse proper 
are included in the definition). 

Rating. Fuses shall be rated at the maximum current which 
they are required to carry continuously, and at the norma! 
voltage of the circuit on which they are designed to be used. 

Fuses may be divided into two classes: 

(1) Those designed to protect the circuit and apparatus both against 
short circuit and against definite amounts of overload (e.g. fuses of the 
National Electric Code which open on 25 per cent overload), 

(2) Those designed to protect the system only against short 
circuits; (e.g. expulsion fuses, which blow at several times the cur¬ 
rent which they are designed to carry continuously). The line 
separating these two classes is not definitely fixed, 

L Temperature. Coils or windings (such as accompany fuses 

of the magnetic blow-out type) should not exceed the limits set for 

machine coils having the same character of insulation. (See §§376 
to 379) The highest temperature for the fuse propel should 
not exceed the safe limit for the material employed (e.g. the temper¬ 
ature of the fibre tube of an enclosed fuse should not exceed the 
safe limit for this material, but an open-link metal fuse may be run 
at any temperature which will not injure the fuse material; except 
' that no application of the above rule shall contravene the Nation¬ 
al Electric Code), 

;2 Test. For fuses intended for use on circuits of small capacity, 
or in protected positions on systems o f large capacity, _ see_Nat.ion_- 

Note. - Complete standardization of these fuses above 000 volts, according to the 
method of the National Electric Code. Is not advisable at th s time, but Is expected 
to be accomplished by an eventual extension of the National Electric Code. Un 
euch extension Is made, the following definitions and ratings may fee followed. 
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al Electric Code. For large power fuses intended for service similar 
to that required of circuit breakers, see §724 to 728, or the Nation¬ 
al Electric Code, as far as the latter applies. 

LIGHTNING ARRESTERS 

733 Definition. A lightning arrester is a device for protecting circuits 
and apparatus against lightning or other abnormal potential rises of 
short duration. 

734 Rating. Arresters shall be rated by the voltage of the circuit on 
which they are to be used 

Lightning arresters may be divided into two classes: 

(a) Those intended to discharge for a very short time. 

(b) Those intended to discharge for a periodmf several minutes. 
736 Performance and Tests. Dielectric Test same as §723. 

The resistance of the arrester at double potential and also at 
normal potential, shall be determined by observing the discharge 
currents through the arrester. 

(c) In the case of any arrester using a gap, a test shall be made 
of the spark potential on either direct-current or (10-cycle a-c. ex¬ 
citation. 

(d) The equivalent sphere gap under disruptive discharge shall 
also be measured, using a considerable quantity of electricity. 

(e) Die endurance of the arrester to continuous surges shall 
be tested. 

PROTECTIVE REACTORS 

736 Definition, A reactor (See §82 and 214) is a device for protecting 
circuits by limiting the current flow and localizing the disturbance 
under short-circuit conditions. 

737 Rating. 

(a) In kilovolt-amperes absorbed by normal current, 

(b) By the normal current, frequency and line (delta) voltage 
for which the reactor is designed, 

(c) By the current which the device is required to stand under 
short-circuit conditions. • 

738 Performance and Tests. 

The Heat Test shall be made with normal current and 
frequency applied until the temperature is constant. The tem¬ 
perature should not exceed the safe limits for the materials em¬ 
ployed. See §§376 to 379. 

789 Dielectric Test. 2i times line voltage plus 2000, for one minute, 
from conductor to ground, 

Note.- The reactor shall be so designed as to be capable of 
withstanding, without mechanical injury, rated current at normal 
frequency, suddenly applied. 

RESISTOR OR RHEOSTAT 

740 Definition. Any device heretofore commonly known as a resistance, 
used for operation or control. (§81) See National Electric Code. 
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INSTRUMENT TRANSFORMERS 
741 Definition. An instrument transformer is a transformer for use 
with measuring instruments, in which the conditions in the primary 
circuit as to current and voltage are represented with high nu¬ 
merical accuracy in the secondary circuit. 

Under this heading and for more general use: 

(a) A current transformer is a transformer designed for series 
connection in its primary circuit with the ratio of transformation 
appearing as a ratio of currents. 

(b) A potential (voltage) transformer is a transformer designed 
for shunt or parallel connection in its primary circuit, with the ratio of 
transformation appearing as a ratio of potential differences (voltages), 

For further definitions relative to instrument transformers, see 

205-207. * , , 

For the dielectric test of potential transformers, see §500, and 
for the dielectric test of current transformers, see §509. 

Further standards concerning instrument transformers are still 

under discussion. 
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STANDARDS FOR ELECTRIC RAILWAYS 

DEFINITIONS 

760 Transmission System: When the current generated for an 
electric railway is changed in kind or voltage, between the gen¬ 
erator and the cars or locomotives, that portion of the conductor 
system carrying current of a kind or voltage substantially different 
rom that received by the cars or locomotives, constitutes the (rain- 

mission system. * 

761 Distribution System: That portion of the conductor system 
of an electric railway which carries current of the kind an'd 

vo tage received by the cars or locomotives, constitutes the distri¬ 
bution system.* 

762 Substation: A substation is a group of apparatus or ma- 
chmery which receives current from a transmission system, changes 
its kind or voltage, and delivers it to a distribution system. 

RATING OF RAILWAY SUBSTATION MACHINERY 

763 b e C ^ tiM ° US The ratin S of a substation machine shall 

be the kv-a. output at a stated power factor input, which it will 

exceedinvTl ln r°^ y Wlt , h tern P eratures or temperature rises not 
fuTfilhnl th !r Ug Va U6S filVCn in Sections 376 and 379 and also 

“• ,orth in th “ e “»*«»■ 

764 a SXT? L ? ad3, ? hese machines should be capable of carrying 

rated lot Wl ° e r, th T ?***, ^ ^ minUte - after a continuous run at 
rated load, without disqualifying them for continuous service 

766 Nominal Rating. Where the continuous rating is inconvenient, 
the following nominal rating may be used. The nominal ratine of a 

intufwWch ha ine Shal t e ^ kV ‘ a - ° UtpUt at a stated ^tor 
input which, having produced a constant temperature in the machine 

ZjStT""? “ *"> to" i SS 

temperatures or temperature rises exceeding by more than 6°C the 

caTablf o V f 5 • 1V6n ?“ , §37 ° and 370 ’ These machines should bo 
pable of carrying a load of twice their nominal rating for a period 

. of one minute, without disqualifying them for continuous service 
he name plate Should be marked " nominal rating," 

CONDUCTOR AND RAIL SYSTEMS 

°‘ ><*= distribution 

_an^traffic rails, which is in immediate electrical contact with 


or 

for Eleotrie R«ilw«y), ' “ 3 8 ven n thelr Clarification of Aooount 
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the circuits of the cars or locomotives, constitutes the contact 
conductors. 


767 Contact Rail; A rigid contact conductor. 

768 Overhead Contact Rail: A contact rail above the elevation 
of the maximum equipment line.f 

760 Third Rail; A contact conductor placed at either side of the 
track, the contact surface of which is a few inches above the level 
of the top of the track rails. 

770 Center Contact Rail; A contact conductor placed between the 
track rails, having its contact surface above the ground level. 

771 Underground Contact Rail; A contact conductor placed 
beneath the ground level. 

772 Gage of Tiimid Rail; The distance, measured parallel to the 
plane of running rails, between the gage line of the nearer track rail 
and the inside gage line of the contact surface of the third rail. 

778 Elevation of Third Rail: The elevation of the contact-surface 
of the third rail, with respect to the plane of the tops of running 
rails. 

774 Standard Gage of Third Rails: The gage of third rails shall 
be not less than 20 inches (60 cm,) and not more than 27 inches (08.6 
cm.). 

776 Standard Elevation of Third Rails; The elevation of third 
rails shall be not less than 2J inches (70 mm.), and not more than 
3$ inches (89 mm.). 

776 Third Rail Protection; A guard for the purpose of preventing 
accidental contact with the third rail. 

777 Trolley Wire: A flexible contact conductor, customarily sup- 


778 

779 

780 


ported above the cars, 

Messenger Wire or Cable: A wire or cable running along with 
and supporting other wires, cables or contact conductors. 

A primary messenger is directly attached to the supporting system. 
A secondary messenger is intermediate between a primary messenger 
and the wires, cables or contact conductors, 

Classes of Construction: Overhead trolley construction will be 
classed as Direct Suspension and Messenger or Catenary Suspension. 

Direct Suspension: All forms of overhead trolley construction 
in which the trolley wires are attached, by insulating devices, direct y 


to the main supporting system. 

Messenger or Catenary Suspension: All forms of overhea 
trolley construction in which the trolley wires are attached, by suit¬ 
able devices, to one or more messenger cables, which in turn maj be 
carried either in Simple Catenary , i.e„ by primary messengers, or in 
Compound Catenary, U, by secondary messengers. 

, Supporting Systems shall be classed as follows: 
i Simple Cross-Span Systems: Those systems having at each sup¬ 
port a single flexible span across the track or tracks. _ 

-jTh Tcontour which of all ratlins .took under all nor.ua. 

operating conditions. 
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784 support twoor SYSTEMS; Those systems ha ™S at «d> 

support two or mo.e flexible spans across the track or tracks, the upper 
span carrying part or all of the vertical load of the lower span ?? 

„ rrri RACKET ) Systems: Those, systems having at each support an 
orTracks" 1 ** SUpp0fted at ° nI y °ne side of the track 

786 Bkidge Systems: Those systems having at each support a rigid 

member, supported at both sides of the track or tracks ' 

787 Ra1mvay A s RD ft E ' GHT ° F TR0LLEV WlRE 0n Stree tand Interurban 
Of such height that j? C ° mme " ded that supporting structures shall be 
heiTht i f f + 1“ ? We POlnt 0f the troUe y wi >'6 Shall be at a 

r;x ditions of 

SS “ a re d c Steanl Tf 

han 21 feet fflTTT hat the trolley wire shall be not less 
imum sag ( ^ ^ t0p ° f under conditions of max! 

RAILWAY MOTORS 

RATING 

“iHSaSSrrS- 

j y thermometer, not exceeding 90 nt rUo . 

and 76 V ,, 8 JU at ‘he commutator, 

U at any other normally accessible part after one hour 1 * 

Shal1 a ' S0 include the corres - 

cnndv' InnSmUCh f tho same motor may be operated under different 

will be necessary irr each case to 

' »ub S “L on of d f^ 0 t:« X^? h r cdit,on 

reference to a room temperature of 26 “C °tL B r “ tlnS and thc omi0slon of fl 
motor may, for practical purposes,be taken a. ^ of i TT rating ° f « r * 11 '^V 
of the hitherto prevailing practise of emrp«l T f * kllowaU rating. On account 
It is recommended that Z T *" ° utpul ia h °™-nower, 

and in horse-power, a double rating, namely. ^ 7 ° 8Xpre8sed both In kilowatts 

kw —--—approx, ecjuiv, h.p.—_ 

Jut^ThlrntTn^n^r^U^L^rbo^tT bMh ' a “ d ° Slrab1 ’ «“* « ratio, 

than the capacity l n horse power. “ ' arg8r and more Prominent character. 
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define the system of ventilation which is used, In case motors are 
cooled by external blowers, the flow of air on which the rating is 
based shall be given. 

803 Maximum Input. The subject of momentary loads for railway 
motors is under investigation. 

TEMPERATURE LIMITATIONS 

804 The allowable temperature in any part of a motor in service will be 
governed by the kind of material with which that part is insulated. 
In view of space limitations, and the cost of carrying dead weight 
on cars, it is considered good practice to operate railway motors 
for short periods at higher temperatures than would be advisable 
in stationary motors. The following temperatures are permissible: 

* TABLE XV 

Operating Temperatures of Railway Motors 


Class 

of 

Material 

See §376 
to 370. 

Maximum Observable 
Temperature of windings 
when in continuous service. 

By 

Thermometer 
See §346 

By 

Resistance 

A 

85 

110 

B 

too 

iso 


For infrequent occasions, due to extreme ambient temperatures, 
it is permissible to operate at 15° higher temperature, 

806 With a view to not exceeding the above temperature limitations, 
the continuous ratings shall be based upon the temperature rises 
tabulated below: 

TABLE XVI 

Stand-Test Temperature Rises of Railway Motors* 




Temperature Rises 
of windings 






of 

Material 

Sec §870 
to 370 

By 

Thermo¬ 

meter 

See §345 

By 

Resis¬ 

tance 


A 

06 

86, 


B 

80 

105 


*The temperature rise In service may be very different from that on stand test. 
See §1104 tor relation between stand teat and service temperaturee, at affected by 
ventilation. 
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806 Field-Control Motors. The nominal and continuous ratings of field- 
control motors shall relate to their performance with the operating 
field which gives the maximum motor rating. Each section of the 
field windings shall be adequate to perform the service required of it, 
without exceeding the specified temperature rises. 


CHARACTERISTIC CURVES 

810 The Characteristic Curves of railway motors shall be plotted with 
the current as abscissas and the tractive effort, speed and efficiency 
as ordinates. In the case of a-c. motors, the power factor shall 
also be plotted as ordinates. 

811 Characteristic curves of direct-current mcfcors shall be based 
upon full voltage, which shall be taken as 600 volts, ora multiple 
thereof. 

812 In the case of field-control motors, characteristic curves shatl be 
given for all operating field connections. 


EFFICIENCY AND LOSSES 

816 The efficiency of railway motors shall be deduced from a 
determination of the losses enumerated in §816 to 820. (See also 
§ 1100 and 1101.) ^ 

816 The copper loss shall be determined from resistance measurements 
corrected to 715 0 C. 

817 The no-load core loss, brush friction, armature-bearing friction 
and windage shall be determined as a total under the following 
conditions: 

In making the test, the motor shall be run without gears. 
The kind of brushes and the brush pressure shall be the 
same as in commercial service. With the field separately ex¬ 
cited, such a voltage shall be applied to the armature terminals as 
will give the same speed for any given field current as is obtained 
with that field current when operating at normal voltage under load. 
The sum of the losses above-mentioned, is equal to the product of 
the counter-electromotive force and the armature current, 

818 ? e , C J ° re l0SS in d ' C> motors shal[ be separated from the friction 
and windage losses above described by measuring the power required 
to drive the motor at any given speed without gears, by running it 
as a series motor on low voltage and deducting this loss from the 
sum of the no-load losses at corresponding speed. (See 51101 for 
alternative method). 

The friction and windage losses under load shall be assumed to 
be the same as without load, at the same speed. 

The core loss under load shall be assumed as follows: 
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TABLE XVII 

Core Loss in D. C, Railway Motors at Various Loads. 


Per cent of Input 
at Nominal Rating 

Loss as Per cent of 
No-load Core Loss 

200 

165 

150 

145 

100 

130 

76 

126 

50 

123 

25 and under 

122 


Note!—’With motors designed for field control the core Iobscs shall be assumed as the 
lame for both full and permanent field. It shall be the mean between the no-load losses 
at full and permanent fie^l, Increased by the percentages given In the above Table. 

819 The brush-contact resistance loss to be used in determining the 
efficiency, may be obtained by assuming that the sum of the drops at 
the contact surfaces of the positive and negative brushes is three 
volts. 

820 The losses in gearing and axle bearings for single-reduction single¬ 
geared motors, varies with type, mechanical finish, age and lubrication. 
The following values, based on accumulated tests, shall be used 
in the comparison of single-reduction single-geared motors. 

TABLE XVIII 

Losses In Axle Bearings and Single-Reduction Gearing of Railway Motors. 


Per Cent of Input 

Losses as 

at Nominal Rating 

Per Cent of Input 

200 

3.5 

150 

3.0 

125 

2.7 

100 

2.6 

75 

2.5 

60 

2.7 

60 

3.2 

40 

4.4 

30 

6.7 

25 

8.6 


Noth;—F urther Investigation may indicate the desirability of giving separate values 
of the louses for full and tapped fields, or low- and high-speed motors. 


ELECTRIC LOCOMOTIVES 

830 Rating. Locomotives shall be rated in terms of the weight on 
drivers, nominal one-hour tractive effort, continuous tractive effort 
and corresponding speeds. 

831 Weight on Drivers. The weight on drivers, expressed in pounds, 
shall be the sum of the \weights carried by the drivers and of the 
drivers tlietngflv?-?! 
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032 Nordinal Tractive Effort: The nominal tractive effort, expressed in 
pounds, shall be that exerted at the rims of the drivers, when the 
motors are operating at their nominal (one-hour) rating. , 

833 Continuous Tractive Effort. The continuous tractive effort, ex¬ 
pressed in pounds, shall be that exerted at the rims of the drivers 
when the motors are operating at their full-voltage continuous rat¬ 
ing, as indicated in §802. 

In the case of locomotives operating on intermittent service, the 
continuous tractive effort may be given for £ or J voltage, but in 
such cases the voltage shall be clearly specified, 

834 Speed: The rated speed, expressed in miles per hour, shall be 
that at which the continuous tractive effort is exerted, 

See also Appendix II on Additional Standards for Railway Motors, 
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850 

861 


852 


853 


ILLUMINATION AND PHOTOMETRY 

The following Sections, 860 to 895, are the rules of the Nomen¬ 
clature and Standards Committee of the Illuminating Engineering 
vSociety. They are here included by permission. 

Luminous flux is radiant power evaluated according to its capac¬ 
ity to produce the sensation of light. 

The stimulus’ coefficient Kf for radiation of a particular wave¬ 
length, is the ratio of the luminous flux to the radiant power pro¬ 
ducing it. 

The mean value of the stimulus coefficient, Km, over any range 
of wave-lengths, or for the whole visible spectrum of any source, 
is the ratio of the total luminous flux (in lumens) to the total radiant 
power (in ergs per second, but. more commonly m watts). 

The luminous intensity of a point source of light is the solid 
angular density of the luminous flux emitted by the source in the 
direction considered; or it is the flux per unit solid angle from that 
source, 

Defining equation; 

Let I be the intensity, F the flux and CO the solid angle. 


Then 


/ = 


or, if the intensity is uniform, 

I = 


dF 

do) 

F 

CO 


864 Illumination, on a surface, is the luminous flux-density over that 
surface, or the flux per unit of intercepting area. 

Defining equation; , 

Let E be the illumination and 5 the area of the intercepting surface. 


Then 

or, when uniform, 


E = 


dF 
dS ' 

F 

S ' 


866 Candle, the unit of luminous intensity maintained by the, Na¬ 
tional Laboratories of France, Great Britain, and the United States. 
Candle-power, luminous intensity expressed in candles. 


856 


1 This unit, which is used also by many other countries, is frequently referred to a. 
the international candle. 
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857 Lumen, the unit of luminous flux, equal to the flux emitted in a 
unit solid angle (steradian) by a point source of one candle-power. 2 

8B8 a Unit °. f ‘ Ilumina ^°n equal to one lumen per square meter. 

® ^ wnit of illumination is one lumen per square centimeter, 

For this unit Blondel has proposed the name “ Phot." One milli- 
hitnen per square centimeter (milliphot) is a practical derivative of 
the C. G. S. system. One foot-candle is one lumen per square foot 
and is equal to 1.0764 milliphots. 

869 Exposure, the product of an illumination by the time. Blondel 
has proposed the name " phot-seeond ” for the unit of exposure in 
the C. G. S. system. 

860 Specific luminous radiation, the luminous flux-density emitted 
by a surface, or the flux emitted per unit of emissive area. It is 
expressed in lumens per square centimeter. 

Defining equation: 

Let E' be the specific luminous radiation. 

Then, for surfaces obeying Lambert's cosine law of emission. 


E' » Who. 

861 Brightness, b, of an element of a luminous surface from a given 
position, may be expressed in terms of the luminous intensity per 
unit area of the surface projected on a plane perpendicular to the line 
of sight, and including only a surface of dimensions negligibly small 
in comparison with the'distance to the observer. It is measured in 
candles per square centimeter of the projected area. 

Defining equation: 

Let (9 be the angle between the normal to the surface and the line 
of sight. 


Then b = _ 01 

dS cos# 

862 Normal brightness, bo, of an element of a surface (sometimes 
called specific luminous intensity) is the brightness taken in a direc¬ 
tion normal to the surface. 3 
Defining equation: 


bt, ~ 


dl 

dS 


or, when uniform, 


-i 


Brightness may also be expressed in terms of the specific luminous 
radiation of an ideal surface of perfect diffusing qualities, i, e„ one 
obeying Lambert's cosine law. 


2 A uniform source of one candle emits 4* lumens ~ — 

sad not P thfn 0 e ;JS»l l ° f " lumin0u3 thereof b observed, 
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The Lambert, the C. G. S. Unit of Brightness, the brightness of a 
perfectly diffusing surface radiating or reflecting one lumen per square 
centimeter. This is equivalent to the brightness of a perfectly dif¬ 
fusing surface having a coefficient of reflection equal to unity and 
illuminated by one phot. 

For most purposes, the millilambert (0.001 lambert) is the preferable 
practical unit. A perfectly diffusing surface emitting one lumen 
per square foot will have a brightness of 1.076 millilamberts, 

i Brightness expressed in candles per square centimeter may be 
reduced to Lamberts by multiplying by 71". 

Brightness expressed in candles per square inch may be reduced 
to foot-candle brightness, by multiplying by the factor 144 7T = 452. 

Brightness expressed in candles per square inch may be reduced 
to lamberts by multiplying by TT/G.45 = 0.4868. 

■ In practice, no surface obeys exactly Lambert s cosine law of 
emission; hence the brightness of a surface in lamberts is, in general 
not numerically equal to its specific luminous radiation in lumens 
per square centimeter. 

Defining equations; 

dF 


Or when uniform 


Coefficient of reflection, the ratio of the total luminous flux reflected 
by a surface to the total luminous flux incident upon it, It is a 
simple numeric. The reflection from a surface may be regular, 
diffuse or mixed. In perfect regular reflection, all of the flux is 
reflected from the surface at an angle of reflection equal to the angle 
Of incidence. In perfect diffuse reflection, the flux is reflected from 
the surface in all directions, in accordance with Lambert s cosine law. 
In most practical cases, there is a superposition of regular and diffuse 

reflection. , 

- Coefficient of regular reflection is the ratio of the luminous flux 
reflected regularly to the total incident flux. 

) Coefficient of diffuse reflection is the ratio of the luminous flux 
reflected diffusely to the total incident flux. 

Defining equation; 

Let in be the coefficient of reflection (regular or diffuse), 

Then, for any given portion of the surface, 


Lamp, a generic term for an artificial source of light. 
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870 Primary luminous standard, a recognized standard luminous 
source reproducible from specifications. 

871 Representative luminous standard, a standard of luminous in¬ 
tensity adopted as the authoritative custodian of the accepted value 
of the unit. 


72 Reference standard, a standard calibrated in terms of the unit from 
either a primary or representative standard and used for the cali¬ 
bration of working standards. 

73 Working standard, any standardized luminous source for daily 
use in photometry. 

74 Comparison lamp, a lamp of constant but not necessarily known 

candle-power, against which a working standard and test lamps are 
successively compared in a photometer. e 

ffi Test lamp, in a photometer,—a lamp to be tested. 

18 Performance curve, a curve representing the behavior of a'lamp 
in any particular (candle-power, consumption, etc.) at different 
periods during its life. 

’7 Characteristic curve, a curve expressing a relation between two 
variable properties of a luminous source, as candle-power and volts 
candle-power and rate of fuel consumption, etc. 

8 Horizontal Distribution Curve. A polar curve representing the 
luminous intensity of a lamp, or lighting unit, in a plane perpendi- 
cular to the axis of the unit, and with the unit at the origin, 

9 Vertical Distribution Curve. A polar curve representing the 
luminous intensity of a lamp, or lighting unit, in a plane passing 
through the axis of the unit, and with the unit at the origin. Unless 
otherwise specified, a vertical distribution curve is assumed to be 
anaverage vertical distribution curve, such as may in many cases be 
obtained by rotating the unit about its axis and measuring the aver¬ 
age intensities at the different elevations. It is recommended that 
in vertical distribution curves, angles of elevation shall be counted 
positively from the nadir as zero, to the zenith as 180 degrees. In 
the case of incandescent lamps, it is assumed that the vertical dis¬ 
tribution curve is taken with the tip downward. 

> Mean horizontal candle-power of a lamp,—the average candle- 
the^mp^ 6 h0nZ0ntal plane P assin g through the luminous center of 

It is here assumed that the lamp (or other light source) is mounted 

n the usual manner, or, as in the ease of an incandescent lamp, with 
its axis of symmetry vertical. 

Mean spherical candle-power of a lamp,—the average candle- ' 
power of a lamp in all directions in space. It is equal to the total 
luminous flux of the lamp, in lumens, divided by 47T, 

Mean hemispherical candle-power of a lamp (upper or lower) — 

dbVT° u! “ by ,ta 1 *” p ’ ™ ,h « 
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883 Mean zonal candle-power of a lamp,—the average candle-power 
of a lamp over the given zone. It is equal to the total luminous 
(lux emitted by the lamp in that zone, divided by the solid angle of 
the zone. 

884 Spherical reduction factor of a lamp,—the ratio of the mean spheri¬ 
cal to the mean horizontal candle-power of the lamp. 4 

886 Photometric Tests in which the results are stated in candle-power 
should be made at such a distance from the source of light that the 
latter may be regarded as practically a point. Where tests are made 
in the measurement of lamps with reflectors, the results should always 
be given as " apparent candle-power ” at the distance employed, 
which distance should always be specifically stated. 

886 The output oS all illuminants should be expressed in lumens. 

887 Illuminants should be rated upon a lumen basis instead of a candle- 
power basis, 

888 The specific output of electric lamps should be stated in lumens 
per watt; and the specific output of illuminants depending upon 
combustion should be stated in lumens per b.t.u. per hour. The 
use of the term " efficiency 11 in this connection should be discouraged. 

When auxiliary devices are necessarily employed in circuit with a 
lamp, the input should be taken to include both that in the Samp and 
that in the auxiliary devices. For example, the watts lost in the 
ballast resistance of an arc lamp are properly chargeable to the lamp, 

889 The Specific Consumption of an electric lamp is its watt consump¬ 
tion per lumen, 11 Watts per candle ” is a term used commercially 
in connection with electric incandescent lamps, and denotes, watts 


890 

891 

892 


per mean horizontal candle-power. 

Life Tests. Electric Incandescent Lamps of a given type may be 
assumed to operate under comparable conditions only when their 
lumens per watt consumed are the same. Life-test results, in order 
to be compared, must be either conducted under, or reduced to, 
comparable conditions of operation. 

In Comparing Different Luminous Sources, not only should their 
candle-power be compared, but also their relative form, brightness, 
distribution of illumination and character of light. 


Lamp Accessories. A reflector is an appliance, the chief use of 
ie in redirect the luminous (lux of a lamp in a desired due - 


tion or directions, 

A Shade is an appliance, the chief use of which is to diminish or to 
interrupt the flux of a lamp in certain directions, where such flux 
• The function of a shade is commonly combined 


894 


with that of a reflector. 

A Globe is an enclosing appliance of clear or diffusing 
the chief use of which is either to protect the lamp, or to 


materials, 
diffuse its 


ILglll/. ___-_____*-7T7 

“"ri^^r^irorm^ohu-soutcc, this factor would be unity, and for a ttra g 
cylindrical filament obeying the cosine law it would be 
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3. Illumination 

4. Exposure 

5. Brightness 


Phot., foot-candle, 
lux 

Phot-second 
Apparent candles 
per sq. cm. 

Apparent candies 
per sq. in. 


r, dF I a a 

E ~ls m 7 OOS0 '^ 

i t E 

. dI 
dS cos d 


Lambert 



fl. Normal brightness Candles per sq. cm. 

Candles persq, in. 
7■ Specific luminous Lumens per sq. cm. 

radiation Lumens persq. in, 

8. Coefficient of re¬ 
flection — 


9. Mean spherical candlepower sep 

10. Mean lower hemispherical candlepower lep 

11 . Mean upper hemispherical candlepower ucp 

12. Mean zonal candlepower zep 

13. 1 lumen is emitted by 0.07958 spherical cp. 

14. 1 spherical candlepower emits 12.57 lumens. 

1C. 1 lux = 1 lumen incident per square meter = 0,0001 phot 
, = 0.1 milliphot. 


16. 1 phot = 1 lumen incident per sq. cm, = 10,000 lux = 1000 

milliphot. 

17. 1 milliphot = 0.001 phot — 0.920 foot-candle. 

18. 1 foot-candle = 1 lumen incident per square foot = 1.070 milli¬ 

phot = 10.76 lux. 

19. 1 lambert = 1 lumen emitted per square centimeter.* 

20. 1 millilambert = 0.001 lambert. 

21. 1 lumen, emitted, per square foot* = 1.076 millilambert. 

22. 1 millilambert *» 0.929 lumen, emitted, per square foot*. 

23. 1 lambert = 0.3183 candle per sq. cm, = 2.054 candles per sq, in. 

24. 1 candle per sq. cm, — 3.1416 lamberts. 

26. 1 candle per sq, in.. = 0.4808 lamberts = 480.8 millilamberts. 

♦ Perfect diffusion assumed. 
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SYMBOLS. 

In-view of the fact that the symbols heretofore proposed by 
this committee conflict in some cases with symbols adopted for elec¬ 
tric units by the International Electrotechnical Commission, it is 
proposed that where the possibility of any confusion exists in the 
use of electrical and photometric symbols, an alternative system 
of symbols for photometric quantities should be employed. These 
should be derived exclusively from the Greek alphabet, for instance: 

Luminous intensity. F 

Luminous flux.^ 

Illumination.P 
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STANDARDS FOR TELEPHONY AND TELEGRAPHY 

010 After careful consideration, it does not seem that the time is 
yet ripe for a formal standardization of terms and definitions used 
in telephony and telegraphy. Many of the terms commonly 
employed are used in more than a single way, and conversely, many 
pieces of apparatus and many constants which are essentially 
identical from a physical standpoint have been and are known by 
more than one designation. 

911 Damping of a Circuit. The damping, at a given point, in a circuit 
from which the source of energy'has been withdrawn, is the pro¬ 
gressive diminution in the effective value of electromotive force 
and current at that point resulting from the withdrawal of 'elec¬ 
trical energy. 

912 Damping Constant. The damping constant of a circuit depends 
upon the ratio of the dissipative to the reactive component of its 
impedance or admittance, 

Applied to the admittance of a condenser or other simple circuit 
having capacity reactance, the damping constant for a harmonic 
electromotive force of given frequency is the ratio of the conduc¬ 
tance of the condenser or simple circuit at that frequency, to twice 
the capacity of the condenser at the same frequency. 

Applied to the reactance of a coil or other simple circuit having 
inductive reactance, the damping constant for a harmonic current 
of given frequency is the ratio of the resistance of the coil or cir¬ 
cuit at that frequency, to twice the inductance at the same frequency. 

913 Equivalent Circuit. An equivalent circuit is a simple network 
of series and shunt impedances, which, at a given frequency, is 
the approximate electrical equivalent of a complex network at the 
same frequency and under steady-state conditions. 

Note: As ordinarily considered, the simple networks as defined, 
are the electrical equivalents of complex networks only with respect 
to definite pairs of terminals, and only as to sending-end impedances, 
and total attenuation. A further requirement is that the only con¬ 
nections between the pairs of terminals are those 'through the net¬ 
work itself. 

914 T ” ^Equivalent Circuit. A “T" equivalent circuit is a triple- 
star or ‘ Y” connection of three impedances externally equivalent 

to a complex network. 

Symbol: ♦——.— 'wWiF—* 
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916 “ U ” Equivalent Circuit, A 11 U ” equivalent circuit is a delta 

connection of three impedances externally equivalent to a com¬ 
plex network. It is also called a “II ” equivalent circuit. 



IMPEDANCE 

91C Mutual Impedance. The mutual impedance, £or alternating cur¬ 
rents, between a pair of terminals and a second pair of terminals 
of a network,,under any given condition, is the negative vector 
ratio of the electromotive force produced between either pair of 
terminals on open circuit, to the current flowing between the other 
pair of terminals. 

917 Self Impedance. The self impedance between a paiv of terminals 
of a network, under any given condition, is the vector ratio of the 
electromotive force applied across the terminals to the current 
produced between them. 


LINE CHARACTERISTICS 

Characteristic Impedance. The characteristic impedance of a line is 
the ratio of the applied electromotive force to the resulting 
steady-state current upon a line of infinite length and uniform 
structure, or of periodic recurrent structure. 

Note: In telephone practice, , the terms (1) line impedance, 
(21 surge impedance, (3) iterative impedance, (4) sendtng-end 
impedance, (6) initial sending-end impedance, (6) final sending-end 
impedance, (7) natural impedance and (8) free impedance, have 
apparently been more or less indefinitely and indiscriminately used 
as synonyms with what is here defined as 11 characteristic impedance. 

I Sending-End Impedance. The sending-end impedance of a line is 
the vector ratio of the applied electromotive force to the re¬ 
sulting steady-state current at the point where the electromotive 

^NoTE^Scfnote under “Characteristic Impedance ” In case 
the line is of infinite length of uniform structure or o penodu: re¬ 
current structure, the sending-end impedance and the character 
istic impedance are the same. , 

0 Propagation Constant. The propagation constant per unit length 
of a uniform line, or per section of a line of periodic recurrent 
structure is the natural logarithm of the vector ratio o the 

"i««o 

more remote. 
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921 Attenuation Constant. The attenuation constant is the real part 
of the propagation constant. 

922 Wave-Length Constant. The wave-length constant is the imaginary 
part of the propagation constant. 

LINE CIRCUITS 

930 Ground-Return Circuit. A ground-return circuit is a circuit con¬ 
sisting of one or more metallic conductors in parallel, with the 

circuit completed through the earth. 

931 Metallic Circuit. A metallic circuit is a circuit of which the earth 
forms no part. 

932 Two-Wire Circuit. A two-wire circuit is a metallic circuit formed 
by two paralleling conductors insulated from 'each other. 

933 ■ Superposed Circuit, A superposed circuit is an additional circuit 
obtained from a circuit normally required for another service, and 
tn such a manner that the two services can be given simultaneously 
without mutual interference. 

934 Phantom Circuit. A phantom circuit is a superposed circuit, 
each side of which consists of the two conductors of a two-wire 
circuit in parallel. 

936 Side Circuit. A side circuit is a two-wire circuit forming one side 
ot a phantom circuit. 

936 Non-Phantomed Circuit. A non-phantomed circuit is a two-wire 
circuit, which is not arranged for use as the side.of a phantom circuit. 

937 _ Simplexed Circuit. A simplexed circuit is a two-wire telephone 
circuit, arranged for the super-position of a single ground-return sis. 
nailing circuit-operating over the wires in parallel. 

. ^° TE: [ n view of the .«« of the term - Simplex Operation " 
in telegraph practice, it is felt that the designation " Simplexed 
Cncuit as applied to the arrangement described is not a happy one 

eirn,T° Sited A Com P osited circuit is a two-wire telephone 

c rcu t, arranged for the superposition on each of its component 

JJJJJJ 0 conductors ' of a single independent ground-return signalling 

939 Quadded or Phantomed Cable. A quadded or phantomed cable 
is a cable adapted for the use of phantom circuits. 

Note: The type of cable here defined has frequently been 
de ignated as - Duplex Cable "-a term which is objecttanable 

^ °“ accou " t oE lta lack of description and its widely different 
use in telegraph practice. * m 

loading 

960 tanc° e ad of d t h Line ' A 1 ° aded line is 0ne in which the normal indue 
tance of the circuit has been altered for the nurnose nf „• 

its transmission efficiency for one or more fre^Es 

Series Loaded Line. A series loaded line is one in which the 
rmal inductance has been altered by inductance serially applied, 
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962 Shunt Loaded Line. A shunt loaded line is one in which the nor¬ 
mal inductance of the circuit has been altered by inductance applied 
in shunt across the circuit. 

963 Continuous Loading. A continuous loading is a series loading in 
which the added inductance is uniformly distributed along the 


conductors. 

964 Coil Loading. A coil loading is one in which the normal induc¬ 
tance is altered by the insertion of lumped inductance in the 
circuit at intervals. This lumped inductance may be applied 
either in series or in shunt. 

Note: As commonly understood, coil loading is a series load¬ 
ing, in which the lumped inductance is applied at uniformly spaced 
recurring internals 

966 Microphone. A contact device designed to have its electrical re¬ 
sistance directly and materially altered by slight differences in 
mechanical pressure. 

966 Relay. A relay is a device by means of which contacts in one 
circuit are operated under the control of electrical energy in the 
same or other circuits. 


967 Resonance, Resonance of a harmonic alternating current of given 
frequency, in a simple series circuit, containing resistance, induc¬ 
tance and capacity, is the condition in which the positive re¬ 
actance of the inductance is numerically equal to the negative 
reactance of the capacity, Under these conditions, the current 
flow in the circuit with a given electromotive force is a maximum. 

968 Retardation Coil. A retardation coil is a reactor (reactance coil) 
used in a circuit for the purpose of selectively reacting on cur¬ 
rents which vary at different rates. 

Note’ In telephone and telegraph usage, the terms impedance 
coil," "inductance coil," choke coil” and "reactance coil” are 
sometimes used in place of the term " retardation coil. 

969 Skin Effect, Sldn cfEect is the phenomenon of the non-uniform 
distribution of current throughout the cross-section of a linear 
conductor, occasioned by variations in the intensity of the mag¬ 
netic field due to the current in the conductor. 

930 Telephone Receiver. A telephone receiver is an electrically opera¬ 
ted device, designed to produce sound waves or vibrations which 
correspond in form to the electromagnetic waves or v.brations 

Ml ““phono Transmitter. A telephone transmitter is a sound-wave 
or vibration-operated d.viee designed 

waves or vibrations which correspond m form to the sound waves 
or vibrations actuating it, 

962 The Coefficient of Coupling of a Transformer. Ih 

of coupling of a transformer at a given frequency, is the vect 
' “of the mutual impedance between the primary and second- 

ary of the transformer, to the square root of the product of the 

self-impedances of the primary and of the secondary. 

“ jsrxsr ixzxtzsz - -»■ 
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APPENDIX I. 

STANDARDS FOR RADIO COMMUNICATION 

The following Sections 1000 to 1033 have been prepared by the 
Standardization Committee of the Institute of Radio Engineers, 
and are here included by permission as an Appendix, until further 
revised. 

1000 Acoustic Resonance Device. One which utilizes, in its operation, 
resonance to the audio frequency of the received impulses. 

1001 Antenna. A system of conductors designed for radiating or 
absorbing the energy of electromagnetic waves. 

1002 Atmospheric Absorption. That portion of the total loss of radi- 
, ated energy due to atmospheric conductivity. 

1003 Audio Frequencies. The normally audible frequencies lying 
below 20,000 cycles per second (see also radio frequencies). 

1004 Capacitive Coupler. An apparatus which, by electric fields, joins 
portions of two radio frequency circuits and is used to transfer elec¬ 
trical energy between these circuits through the action of electric 
forces. 

1005 Coefficient of Coupling (Inductive). The ratio of the effective 
mutual inductance of two circuits to the square root of the product 
of the effective self-inductances of each of these circuits. 

1006 Direct Coupler. An apparatus which magnetically joins two cir¬ 
cuits having a common conductive portion and which is used to 
transfer electrical energy between these circuits. 

1007 Counterpoise. A system of electrical conductors insulated from 
ground forming one plate of a condenser, the other plate of which 
is the antenna. In land stations a counterpoise forms a capacitive 
connection to ground, 

1008 r ev A u t!lr-' A “ elnatin / Curre “‘is a current which alternates 
i, “ dlrectlon aud wllose amplitude progressively diminishes. 

1009 The Damping Factor of an exponentially damped alternating cur- 
rent is the product of the logarithmic decrement and the frequency. . 
Let I 0 = initial amplitude y 

It = amplitude at the time t 
e = base of Napierian logarithms 
a *= damping factor 
Then: I t = j 0 e~ al 

101 °ne°ted eC to r 'a T hat portio " of the receiving apparatus which, con¬ 
nected to a circuit carrying currents of radio frequency and in 

conjunct,on with a self-contained or separate indicator translates 
the radio frequency energy into a form suitable, for operation S 
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the indicator. This translation may be effected either by the con¬ 
version of the radio frequency energy, or by means of the control 
of local energy by the energy received. 

1011 Electromagnetic Wave. A progressive disturbance characterized 
by the existence on the wave front of electric and magnetic forces 
acting in directions which are perpendicular to each other and to 
the direction of propagation of the wave, 

1012 Forced Alternating Current. A current produced in any circuit 
by the application of an alternating electromotive force. 

1013 Free Alternating Current. A current produced by means of an 
electromagnetic disturbance in a circuit, having capacity, induct¬ 
ance, and less than the critical resistance. 

1014 Critical Resistance of a Circuit determines the limit between the 
oscillatory and aperiodic discharge of that circuit. (The discharge 
is aperiodic if the circuit resistance is greater than the critical value 
and is alternating when the resistance is less than the critical value). 
In a circuit without dielectric or magnetic hysteresis, the critical 


resistance equals 2 



where L and C are the effective in¬ 


ductance and capacity of the circuit. 

1016 Group Frequency. The number per second of periodic changes 
in amplitude or frequency of an alternating current. 

Note 1, Where there is more than one periodic recurrent 
change of amplitude or frequency, there is more than one group 
frequency present. 

Note 2. The term “ group frequency’’ replaces the term " spark 
frequency." 

1016 Inductive Coupler. An apparatus which, by magnetic forces, 
joins portions of two radio frequency circuits and is used to transfer 
electrical energy between these circuits, through the action of mag¬ 
netic forces. 

1017 Linear Decrement of a Linearly Damped Alternating Current is 
the difference of successive current amplitudes in the same direction, 
divided by the larger of these amplitudes. 

Let: I H and I »+1 be successive current amplitudes in the same 
direction, of a linearly-damped alternating current. 

, , , J n ~ I »+1 

Then: The linear decrement, b - j 


Also: It = h (1—6/0 

Where: I 0 = initial current amplitude 

/( = current amplitude at time l 
/ = frequency of alternating current 


1018 


Logarithmic Decrement of an exponentially damped alternating 
current , is the logarithm of the ratio of successive current ampli¬ 
tudes in the same direction. , , , ' , oto 

Note: Logarithmic decrements are standard for a complete 


period or cycle. 
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Let: I„ and 7„ +1 be successive current amplitudes in the 
same direction. 

d = logarithmic decrement 
Then: d= log, 

In+i 

1019 Radio Frequencies, Those above 20,000 cycles per second (see 
also Audio Frequencies). 

Note; It is not implied that radiation cannot be secured at 
lower frequencies and the distinction from audio frequencies is 
merely one of definition based on convenience. 

1020 Resonance to an Exciting Alternating Current of a given fre¬ 
quency in an oscillating circuit is that condition in which the re¬ 
sulting effective current (or voltage) in that circuit is a maximum. 

If neither the free nor the forced alternating currents of the 
driven circuit are highly damped, then resonance is obtained when 
the frequency of the free alternating current is approximately equal 
to the frequency of the forced alternating current, 

That is, W = —L = 0)l 

v LC 

Where: to = 27rX the frequency of the free alternating current 
in the circuit. 

L = the effective inductance of the circuit. 

C = the effective capacity of the circuit. 

COi = angular velocity of the forced alternating current. 

This is equivalent to the condition a >L = ~ i,e„ the inductive 

coC 

reactance at that frequency is numerically equal to the capacitive 
reactance, or that the total reactance ^ COL -is equal to 0, 

1021 A Resonance Curve gives the power, current, or voltage at 
various frequencies of excitation, as a function of those frequencies, 
or of the corresponding wave lengths. 

1022 A Wave-Length Resonance Curve is one wherein the abscissas are 
ratios of specified wave lengths to the resonant wave length, and the 
ordinates are ratios of the energy (or square of the current) at cor¬ 
responding specified wave lengths to the energy (or square of the 
current) at the resonant wave length. It is advantageous to have 
the scales of ordinates and abscissas 'equal. 

1023 A Frequency Resonance Curve. One wherein the abscissas are 
ratios of specified frequencies to the resonant frequency, and the 
ordinates are ratios of the energy (or square of the current) at corres¬ 
ponding specified frequencies to the energy (or square of the current) 
at the resonant frequency. The scales of ordinates and abscissas 
are equal. 

1024 A Standard Resonance Curve, unless otherwise specified, is assumed 
to be a wave-length resonance curve. 
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1025 Selecting. The process of adjusting an element driven by a 
plurality of simultaneous impulses, until the ratio of desired response 
to undesired response is a maximum.' 

1026 Sustained Radiation consists of electromagnetic waves of constant 
amplitude (such as are emitted from an antenna in which a forced 
alternating current flows.) 

1027 Tuning. The process of securing the maximum indications by 
adjusting the time period of a driven element. (In transmitter or 
receiver.) 

1028 A Wave-Length Meter, commonly called a Wave-Meter, is a radio 
frequency measuring instrument, calibrated to read wave lengths. 

1029 Rating. 1. All radio transmitting sets shall be rated in actual 
power output measured in the antenna. 

Note: The group oi; audio frequency of the note of the station 
should be stated as well, (except for sustained wave sets, where that 
characteristic should be mentioned). 

2. The over-all efficiency of a radio transmitting station shall be 
the ratio of the actual power output as measured in the antenna to the 
power input supplied to the first piece of electrical machinery which is 
definitely a part of the radio equipment. 

1030 Decremeter. An instrument for measuring the logarithmic de¬ 
crement of a circuit or of a train of electromagnetic waves. 

1031 Attenuation, Radio. The decrease with distance from the radi¬ 
ating source, of the amplitude of the electric and magnetic forces 
accompanying (and constituting) an electromagnetic wave. 

1032 Attenuation Coefficient (Radio). The coefficient, which, when 
multiplied by the distauce of transmission through a uniform medium, 
gives the natural logarithm of the ratio of the amplitude of the 
electric or magnetic forces at that distance, to the initial value of 
the corresponding quantities. 

1033 Coupler. An apparatus which is used to transfer radio-frequency 
energy from one circuit to another by associating portions of these 
circuits. 
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APPENDIX II. 

ADDITIONAL STANDARDS FOR RAILWAY MOTORS 

1100 In comparing projected motors, and in case it is not possible or 
desirable to make tests to determine mechanical losses, the follow¬ 
ing values of these losses, determined from the averages of many 
tests over a wide range of sizes of single-reduction single-geared 
motors, Will be found useful, as approximations. They include 
axle-bearing, gear, armature-bearing, brush-friction, windage, and 
stray-load losses. 


TABLE XX 


Approximate Losses in D-C. Railway Motors. 


Input in per cent of that at nominal 


rating 

Losses as per cent of input 

100 or over 

5.0 

75 

5,0 

60 

' 5.3 

50 

6.5 

40 

8.8 

30 

13.3 

25 

17.0 


1101 The core loss of railway motors is sometimes determined 
by separately exciting the field, and driving the armature 
of the motor to be tested, by a separate motor having known losses 
and noting the differences in losses between driving the motor light 
at various speeds and driving it with various field excitations. 

1102 Selection of Motor For Specified Service 

The following information relative to the service to be performed, 
is required, in order that an appropriate motor may be selected. 

(a) Weight of total number of cars in train (in tons of 2000 lb.) 
exclusive of electrical equipment and load, 

(b) Average weight of load and durations of same, and maximum 
weight of load and durations of same. 

(c) Number of motor cars or locomotives in train, and number 
of trailer cars in train. 

(d) Diameter of driving wheels. 

(e) Weight on driving wheels, exclusive of electrical equipment. 

(f) Number of motors per motor car. 

(g) Voltage at train with power on the motors—average, maxi¬ 
mum and minimum. 
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(h) Rate of acceleration in mi. per. hr. per second. 

(i) Rate of braking (retardation in m. per hr. per second), 

(j) Speed limitations, if any (including slowdowns), 

(k) Distances between stations, 

(l) Duration of station stops, 

(m) Schedule speed including station stops in m.p.h, 

(n) Train resistance in pounds per ton of 2000 pounds at stated 
speeds. 

(o) Moment of inertia of revolving parts, exclusive of electrical 
equipment. 

(p) Profile and alignment of track. 

(q) Distance coasted as a per cent of the distance between station 
stops. 

(r) Time of layover at end of run, if any. 

1108 Stand-Test Method of Comparing Motor Capacity with Service 
Requirements: When it is not convenient to test motors under actual 
specific service conditions, recourse may be had to the following 
method of determining temperature rise, 

1104 The essential motor losses affecting temperatures in service are 
those in the motor windings, core and commutator. The mean ser¬ 
vice conditions may be expressed, as a close approximation, in terms 
of that continuous current and core loss which will produce the same 
losses and distribution of losses as the average in service. 

A stand test with the current and voltage which will give 
losses equal to those in service, will determine whether the motor has 
sufficient capacity to meet the service requirements. In service, the 
temperature rise of an enclosed motor (§164), well exposed to the 
draught of air incident to a moving car or locomotive, will be from 75 
to 90 per cent (depending upon the character of the service) of the tem¬ 
perature rise obtained on a stand test with the motor completely 
enclosed and with the same losses, With a ventilated motor (§165 
and §167), the temperature rise in service will be 90 to 100 per cent of 
the temperature rise obtained on a stand test with the same losses. 

1106 • In making a stand test to determine the temperature rise in a 
specific service, it is essential in the case of a self-ventilated motor 
(§ 167), to run the armature at a speed which corresponds to the 
schedule speed in service. In order to, obtain this speed it may be 
necessary, while maintaining the same total armature losses, to change 
somewhat the ratio between the I 2 R and core-loss components. 

1106 Calculation for Comparing Motor Capacity with Service Require¬ 
ments. The heating of a motor should be determined, wherever 
possible, by testing it in service, or with an equivalent duty cycle, 
When the service or equivalent duty-cycle tests are not practicable, 
the ratings of the motor may be utilized as follows to determine its 
temperature rise. 

1107 The motor losses which affect the heating of the windings are as 
stated above, those in the windings and in the core. The former 
are proportional to the square of the current. The latter vary with 
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the voltage and current, according to curves which can be supplied 
by the manufacturers, The procedure is therefore as follows: 

1108 (a) Plot a time-current curve, a time-voltage curve, and a time-core 
loss curve for the duty cycle which the motor is to perform, and calcu¬ 
late from these the root-mean-square current and the equivalent 
voltage which, with this r.m.s. current, will produce the average 
core loss. 

1109 (b) If the calculated r.m.s. service current exceeds the continuous 
rating, when run with average service core loss and speed, the motor 
is not sufficiently powerful for the duty cycle contemplated. 

1110 (c) If the calculated r.m.s, service current does not exceed 
the continuous rating, when run with average service core loss 
and speed, the motor is ordinarily suitable id: the service. In some 
cases, however, it may not have sufficient thermal capacity to avoid 
excessive temperature rises during the periods of heavy load. 
In such cases a further calculation is required, the first step of which 
is to calculate the" temperature rise due to the r.m.s. service cur¬ 
rent, and equivalent voltage. 

Let t = temperature rise ) 

po= PR loss, kw. | W1 ^ r ’ m,s - service current, and equiva- 

Pc = core loss’, kw! J lent service voltage, 

T ■= temperature rise 1 

Pt = PR loss, kw. > continuous load current correspond- 

Pe = core toss, kw. ] t ^ ie equivalent service voltage. 

Then 

1 ... * P» + Pc 

1 * \' approximately. 

P o + Pe 

1111 (d) lhe thermal capacity of a motor is approximately measured 
by the ratio of the electrical loss in kw. at its nominal (one-hour) 
capacity, to the corresponding maximum observable temperature 
rise during a one hour test starting at ambient temperature. 

1112 (e) Consider any period of peak'load and determine the electrical 
losses in kilowatt-hours during that period from the electrical effi-, 
ciency curve. Find the excess of the above losses over the 
losses with r.m.s, service current and equivalent voltage. The 
excess loss, divided by the co-efficient of thermal capacity, will equal 
the extra temperature rise due to the peak load. This temperature 
rise added to that due to the r.m.s. service current, and equiv¬ 
alent voltage, gives the total temperature rise. If the total 
temperature rise in any such period exceeds the safe limit, the 
motor is not sufficiently powerful for the service. 

(0 II lhe temperature readied, due to the peak loads, does not 
exceed the safe limit, the motor may yet be unsuitable for the service, 
as the peak loads may cause excessive sparking and dangerous me¬ 
chanical stresses. It is, therefore, necessafy to compare the peak 
loads with the short-period overload capacity. If the peaks are also 
within the capacity of the motor, it may be considered suitable for the 
given duty cycle. 
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Radio Engineers, 1913. 

National Electric Code. 

Meter Code—Code for Electricity Meters of the A. E. I. C. and 
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Standardization Reports of the Association of Railway Electrical 
Engineers. 
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culars 16, 22, 23, 29, 31, 34, and 37. 
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nating Engineering Society, 

National Electric Light Association 

American Institute of Electrical Engineers, Specifications. 
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Institution of Electrical Engineers, London, Wiring Rules and 
other publications. 

Verband Deutscher Elektrotechniker. 

British Electrical and Allied Manufacturers' Association, Stand¬ 
ardization Rules. 
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A 

Abbreviations. 

Acoustio Resonance Device,,,,,,,,,. 

Active Component of Current or Voltage.... 

Acyclic Machine..... 

Adjustable-Speed Motors...■ 

Alternating-Current Apparatus, Efficiency of.... 

Alternating Current defined. 

Alternating-Current Commutating Machines. 

Alternating Current, Forced... 

Alternating Current .Free. 

Alternator.... .. 

Alternators, Variation In... 

Altitude, correction for. 

Ambient Temperature. 

Ambient Temperature o£ Reference for Air,. 

Ambient Temperature of Reference for Water. 

Ammeter. 

Angular Displacement of e.m.fs between transformers, 

Angular Velocity..... 

Antenna.. 

Anti-inductive Load,,, 

Apparent Power.... 

Assurance, Factor of,........... . 

Atmospheric Absorption. 

Attenuation Constant,..... 

Audio Frequencies. 

Auto-Transformer.... . 

Auxiliary Apparatus, Losses In. 

Auxiliary Machine Rating. 


B 

Balancer.. 

Barometric Pressure for Institute Rating. 

Bearing Friction and Windage. 

Booster... . 

Bracket Systems... 

Bridge Systems.;... 

Brightness..... 

Brightness, Normal...... 

Brush Contact Loss,,. 

Brush Friction. 


Cable... 

Cable, Concentric-Lay. 

Cnble, Concentric, N-Conductor 

Cable, Duplex. 

Cable, N-Conductor... 

Cable, Rope-Lay... 

Cable, Triplex. 

Cable, Twin. 

Cables, Breakdown Tests of. 


Section 

. DO 

.UOO 

. 21 

. 141 

. 153 

. 430 

. 1012 , 1013 . 4 

. 131 

. 1012 

. 1013 

. 134 

. 06 

. soa 

. 303 

. 305 

.•_ 300 

. 225 

. 600 

. 0 

. .,.,.1001 

. 25 

. 27 

. 081 

.. ..1002 

. 021 

. 1003 

. 200 

. 457 

. 277 


106 

265 

450 
103 

785 

786 
861 
862 
464 

451 


038 

043 

640 

647 

645 

644 

649 

018 

686 
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Cables, Capacitance of Electric Light and Power. 

Cables, Electrical Tests of. 

Cables, Heating of... 

Cables, Insulation Resistance of.*. 

Cables, Insulation Resistance Tests of. 

Cables, Measurement of Capacitance of. 

Cables, Multiple Conductor, Capacity of,.. 

Cables, Multiple Conductor, Insulation Tests of, 

Cnbles, Multiple Conductor, Tests of.. 

Cables, Paired,....... 

Cnbles, Safe Limiting Temperature of. 

Cables, Sectional Area of.... 

Cables, Test Voltage and Frequency,.... 

Cables, Test Voltage of. 

Candle Power..... 

Capacitance..... 

Capacitance, Measure me nt^of. 

Capacity.. 

Capacltivo Coupler...... .... 

Capacity of Electrical Machines.. 

Cascade Convertor...... 

Catenary, Compound... 

Catenary, Simple.... 

Catenary Suspension.... 

Center Contact Rail..... 

Circuit Brcalccis, Definition. 

Circuit Breakers, Performance and Test.. 

Circuit Breakers, Rating of.,. 

Circuit*... 

Characteristic Curve of Luminous Sources. 

Characteristic Impedance...... 

Classification of Machinery. 

Classification of Machines for Enclosure. 

Coll Loading...... 

Collector Rings, Temperature of.. 

Commutating A-C Machines, Losses of. 

Commutating Machines.. 

Commutation Requirements... 

Commutators, Temperature of*....... 

Comparison Lamp.... • • 

Composited Circuit....... • • • 

Concontric-Lay Cable,«•.. 

Concentric Strand.,.... ...... 

Condctislvo Load.... 

Conductivity of Copper..... < * 

Conductor and Rail Systems.. •. 

Conductor, Contact.... * 

Conductor Defined.. *. 

Conductor, Stranded.. * • * 

Conductors, Sizes of... 

Connected Load.. • *.. 

Connections of Transformers. 

Constant-Current Machines, Regulation of... 
Constant-Speed D-C. Motor, Regulation of..., 

Constant-Speed Motor»... 

Contact Conductors. 

Contact Rail.... 

Contact Rail, Center,..... • • 1 

Contact Roll, Overhead...... 

Contact Rail, Underground. 

Contact Voltage Regulator..... 

Continuous Current defined.* • • ■ 


,878 
.... 877 
.... 688 
.... 002 
.... 808 
.... 808 
.... 803 
.... 687 
.... 607 
.... 077 
.... 054 
.... 683 
.... 682 
.... 858 
. SO. 804 
.... 896 
. 80, 252 
....1004 
281, 800 
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Continuous Loading. 

Contlnuoua Rating... 

Conventional Efficiency. 

Converter. 

Copper, Conductivity of.... . . . 

Copper Wire Tables. 

Cord.... . . 

Core Loss at No Load ... 

Cores... 

Corrections for Deviation of Ambient Temperature. . ’' [ 

Correction for Lay,...._ 

Counter-clockwise Convention. 

Counterpoise.*... 

Coupling Coefficient.. 

Crest Voltage Meter,... 

Crest Factor... 

Critical Resistance.. r 

Cross-Span Systems. 

Cross-Span Systems, Messenger.. 

Current Capacity. 

Current Ratio of Transformer. 

Cycle ... 


Section 

•. 953 

. 281 

. <123 

. 108 

. 076 

. 070 

. 041 

452 , 818 , 1101 

. 301 

. 320 

. 060 

. 20 

. 1007 

. 902 

. 227 

. 16 

. 1014 

. 783 

. 784 

. 80 

. 200 

. 0 


D 

Damping. 

Damping Constant.•.. 

Damping Factor. 

Definitions. 

Demand. 

Demand Factor. ,,,,,, . 

Detector. 

Dielectric Tests.... 

Dielectric Tests of Cables. 

Direct Coupler. .. 

Direct-Current Commutating Machines. 

Direct Current Compensator,. 

Direct-Current Converter. 

Direct Current defined. 

Direct-Current Machines, Losses of....... 

Direct Suspension. 

Distortion Factor. 

Distribution System. 

Diversity Factor. 

Double-Current Generator. 

Drip-proof Machine.. 

Duplex Cable... 

Duration ot Heat Run. 

Duty-Cycle Operation. 

Dynamotor,. 

E 

Effective Value... 

Efficiency. 

Efficiency and Losses. 

Efficiency as affected by Wave-Shape.,' 

Efficiency, Conventional. 

Efficiency Determination... 

Efficiency, Measurement of. 

Efficiency, Plant, .... 

Efficiency with Reference to Temperature. 

Electric Locomotives. 

Electric Railways, Standards for.j ” 

Electrical Degree. 

Embedded Temperature Detector Method,,,.. 


. 911 , 1008 

. 912 

. 1009 

.1 to 83 

. 67 

. 59 

. 1010 

. 480 

. 680 

. 1006 

. 130 

.... 100 
.... 100 
.... 1 
.... 440 
.... 780 
.... 17 
.... 761 
.... 60 
.... 107 
.... 168 
.... 647 
322 , 324 
.... 284 
.... 106 


.... 10 
.... 83 

.. .. 420 
... 431 
.... 423 
423, 426 
.... 428 
.... 421 
.... 432 
.... 830 
.... 700 
.... 7 

.... 362 
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Electro-Magnetic Wav©. 

Enclosed Machine... 

Equivalent Circuit. 

Equivalent Phase Difference. 

Equivalent Sine Wave. .... . 

Equivalent Teats, Standard Duration of.. 

Ex plosion-Pro of Machine... 

Exposure... 

F 

Factor of Assurance .. 

Field-Rheostat Loss. 

Flexible Stranding. ... 

Fluctuation... 

Form Factor. 

Frequency.^. 

Frequency Converter,,, ...... 

Frequency, Resonance Curve... 

Fuses, Definition... 

Fuses, Rating of.. 

Fuses, Temperature of... 

Puses, Test of. 

G 

Gnge of Third Rail..-. 

Generator... 

Generator, Double* Current.. 

Generators, Regulation of.... 

Ground-Return Circuit..* ■ * 

Group Frequency... 

H 

Heating and Temperature. 

High-voltage winding. 

Hottest Spot Correction,.. 

Hottest Spot Temperature Table. 

Hydraulic Turbine, Regulation of... 

I 

Illumination... 

Illumination and Photometry. 

Impedance, Characteristic... 

Impedance Drop, per cent. 

Impedance, Mutual.• • ... *'' 

Impedance, Self.. • .. 

Impedance, Sending-End.. 

Incandescent Lamps, Rating of... 

Induction Apparatus, Stationary. 

Induction Generator. ...* 

Induction Machines..... . . 

Induction Machines, Losses of.• • * * 

Induction Machines, Stray-Load Losses of.... 

Induction Motor... ... * 

Induction Motor Rotor Loss.... 

Induction Voltage Regulator... 

Inductive Coupler.*. 

Inductive Load.*. 

Inductor Alternator... 

Information on Rating Plate..' ‘ *. 

In-plmso Component o£ Current or Voltage, 

Instrument Transformers.. v ■ 

Insulation Resistance of Machinery. 


Section 
...1011 
... 164 
... 013 
... 20 
... 18 
... 285 
... 171 
... 859 


681 

465 

655 

569 

18 

0 

112 

1023 

729 

730 

731 
. 732 


.... 772 
.... 101 
.... 107 
561 , 562 
.... 030 
....1016 


300 

202 

346 

376 

670 



. 354 
, 860 
. 918 
. 52 
. 910 
. 017 
. 919 
. 885 
. 200 
. 140 
. 138 
.. 442 
.. 469 
.. 139 
.. 460 
.. 212 
,.1010 
.. 26 
.. 136 
.. 820 
.. 821 
.. 741 
.. 650 
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K 

Kilovolt-ampere Rating,,. 

Kilowatt Rating....... 

Kinds of Rating... . . 

L 

Lag.. 

Lay, Correction for............ .. . 

Lead... 

Leads of Transformers, Marking of,... 

Li fe Tests of Lamps.. ,... 

Lightning Arresters Definition...... 

Lightning Arresters, Performance and Test... 

Lightning Arresters, Rating of.j 

Line Characteristics... 

Line Circuits, Telephone and Telegraph. 

Line-Drop Voltmeter Compensator........ r 

Linear Capacitance... 

Linear Decrement,... 

Linear Insulation Resistance. 

Load Factor... 

Loaded Line,... 

Loading...... 

Locomotives, Electric.... 

Logarithmic Decrement. 

Loss, Brush-Contact. 

Losses, Evaluation of. 

Losses in Auxiliary Apparatus.. 

Losses in Constant-Potential Machinery. 

Losses in Field Rheostats. ' . 

Losses in Transformers... 

Losses, Stray Load.. 

Losses, Table of... 

Losses to Consider in Various Machines.... 

Low-voltage Winding... . /. [ *. . 

Lumen... . 

Luminous Flux.... 

Luminous Intensity. 

Luminous Standard, Primary... .’ 

Luminous Standard, Representative. 

Lux........ .*' 

M 

Machine Efficiency... 

Machinery Cooled by Ventilating Air from Dtatimee.!" 

Machinery Exposed to Sun's Rays.. . 

Magnetic Degree. 

Magneto Voltage Regulator... . . '. 

Marked Ratio of Instrument Transformer., ///.V.7.7.7. ,'.. 

Maximum Demand.... 

Mean Hemispherical Candle-power.. 

Mean Horizontal Candle-Power.. 

Mean Spherical Candle-Power. V.7,\. 

Mean Zonal Candle-Power.] * *'. 

Measurement of Ambient Temperature.'.7.7.7777777. 

Mechanical Degree.... t .... 

Megohms Constant.. 7.777 . 

Messenger Suspension. .. 

Messenger Wire or Cable..7777.7.7.. 

Metallic Circuits,..... .*.* 

Microfarads, Constant,.. .*. 

Microphone.. ... 

Milliphot...... ? ’ ... 

Moisture-Resisting Machine...'.* *". 

' 77 t • • . f f , , . . . , 


Section 
.... 270 
27(1, 270 


.. 10 

. 05 Q 

. 10 

.COO 

.soo 

. 730 

. 736 

. 73-1 

. 018 

030 to 030 

. 231 

. 004 

.. ,,..1017 

. 800 

.. or, 

.OfiO 

.ofio 

. 830 

. 1018 

. 454 

. (130 

. 457 

. i 33 

. 406 

. 470 

. 434 

. 4311 

. 440 

. 202 

. 807 

. 800 

, ..., 803 

- 870 

. 871 

- 808 


.... 420 
.... 304 
.... 313 
.... 04 
.... 213 
.... 207 
, ... OS 
. .., 882 
.... 880 
.... 881 
.... 883 
. ... 314 
,.,. 04 
... 001 
... 781 
... 778 
... 031 
... 706 
... 005 
... 808 
... 100 
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Motor....... 

Motor Convertor. 

Motor-Booster.. 

Motor Generator... 

Motors, Speed Classification of...,,. 

Motors, Stalling Torque of. 

Multi-Speed Motors. 

Mutual Impedance. 

N 

N-Conductor Cable. 

Needle-Point Spark-Over Voltages.... 

Nominal Rating. 

Non-Inductive Load,... 

Non-Phontomcd Circuit. 

Non-sinusoidal quantities... 

Notation.’.. 

0 

Object of Standardization....... 

Oil Temperature.. 

Open Machine. 

Oscillating Current... 

Over Speeds.,.... 

Overhead Construction. 

Overhead Contact Rail. 

P 

Pair, Twlstod...... 

Paired Cables. 

Peak Factor... 

Per-cent Drop...... 

Percentage Saturation. 

Performance Curve. 

Period.,,...,..... 

IP Equivalent Circuit. 

Phantomed Cable..... 

Phantom Circuit... 

Phase....... 

Phase Advancer.. 

Phase Difference... 

Phase-Modifier... 

Phot. 

Photometric Tests,..... 

Plant Efficiency. 

Plant Factor..... 

Polyphase.... . . . 

Polyphase Alternator. 

Power Capacity...... 

Power-Factor. 

Power In A-C. Circuits.'■ 

Primary Winding.... 

Prime Movers, Fluctuation of. 

Prime Movers, Pulsation in. 

Prlmo Movers, Regulation of. 

Prime Movers, Variation in. 

Propagation Constant. 

Protected Machine... 

Protective Reactors, Definition.^- 

Protective Reactors, Porlormance and losta., 

Protective Reactors, Rating... 

Pulsating Current Defined. 

Pulsation." 


Section 
,102 
... Ill 
... 103 
... 104 
... 160 
... 404 
... 162 
... 10 


. 645 

. 637 

.283, 416 

. 26 

. 036 

9. 14 

. 00 


. 260 

. 386 

. 161 

661 

396 to 401 

. 770 

. 768 


, 860 
. 097 
. 16 
. 60 
. 63 
. 876 
. 8 
. 916 
. 939 
. 934 
. 13 

. 114 
. 19 

. 114 
. 868 
., 886 
421 
.. 50 
.. 34 
.. 136 
.. 80 
.. 28 
.. 26 
.. 202 
.. 669 
.. 68 
.. 568 
.. 06 
.. 920 
.. 162 
.. 736 
.. 738 
.. 737 
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Q 

Ou added Cable... 

Quadrature Component of Current or Voltage.. ., 
Quarter-phase.,... 

R 

Radio Communication ... 

Radio Frequencies. 

Radio Transmitting Sets, Rating of. 

Rail, Contact..... 

Rail, Third...,. 

Railway Motor, Selection of. ..,. 

Railway Motor, Standard Tests of. 

Railway Motors. *. 

Railway Motors, Capacity and Requirements of... 

Railway Motors, Efficiency and Losses of. 

Railway Motors, Characteristic Curves of. 

Railway Motors, Continuous Rating of. 

Railway Motors, Maximum Input of. 

Railway Motors, Temperature Limitations of. 

Rated Current of Constant Potential Transformer. 

Rating, Continuous... 

Rating in Kilowatts. ........ . 

Rating, Nominal... 

Rating of Electrical Machines,.... 

Rating of Incandescent Lamps. 

Rating Plate, Information on... 

Rating, Short Time...... 

Ratio of Transformer...... 

Reactance Drop, Per Cent... 

Reactive Component of Current or Voltage. 

Reactive Factor,... 

Reactlvo Volt-Amperes. 

Reactor.... 

Recording Instruments.. 

Reduction Factor, Spherical........ 

Reference Standard. 

Reflection Coefficient... 

Reflection, Coefficient of Diffuse. 

Reflection, Coefficient of Regular. 

Regulation. 

Regulation and Excitation.. 

Regulation and Frequency. 

Regulation- and Power-Factor......... 

Regulation and Wave Form. ... 

Regulation of A-C, Generators. 

Regulation Tests... 

Relay... 

Repeating Coil... 

Resistance Drop, Per Cent... 

Resistance Method of Measuring Temperature..., 

Resistor....'.... 

Resonance,... 

Resonance Curve. 

Retardation Coll.. 

Rope-Lay Cable..... 

Root-Mean-Square... 

Rotary Phase-Converter... 

Rotating Machines.. 

S 

Saturation Factor..... 

Secondary Winding... 

Selecting,.... 


Section 
... 039 
... 22 
... 32 


.1000 

.1010 

.1029 

.767 

.769 

.1102 

.1103 

.416, 800 to 820 

.1106 

.815 

.810 

.802 

.803 

.. 804 

.203 

.281 

.274, 276 


.. 283 

....262 

.880 

.G20 to 030 

.282 

.204 

. 61 

. 22 

. 23 

. 24 

.50, 82, 214 

..124, 229 

.8S4 

.872 

.866 

.808 

. 807 

. 270, 600 

. 294, 583 

. 201, 580 

. 202, 681 

. 202, 682 

.207, 295, 584, 680 

.. 201, 580 

.. 060 

.363 

.36, 50 

. 177, 348 

. .... ..55, 81, 740 
..067 


02 

202 

1026 
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Self Impedance.... 

SoH-vontilated Machine. 

Semi-enclosed Machine.... 

Sending-End Impedance. 

Separately Ventilated Machlues. 

Short-Time Rating. 

Short-Circuit Stresses. 

Side Circuit. 

Simple Alternating Current... 

Slmplexcd Circuit. 

Single-Phase. 

Sinusoidal Current. 

Six-phase.. 

Skin Effect. 

Spark Gap Measurements. 

Spark Gap, Needle.-,j .. 

Spark Gap, Sphere.... *. • 

Sparking Distance, Needle... 

Special Temperature Limits. 

Specific Consumption... 

Spcclfio Luminous Radiation..... 

Specific Output of Lamps... 

Speed Classification of Motors. 

Splicra Spark Gap. 

Sphoilcnl Reduction Factor. 

Squirrel Cago Windings, Temperature of.., 

Stalling Torque of Motors. 

Standard Durations of Equivalent Tests.... 

Standard Resonance Curve. 

Standard Temperature for Institute Rating 
Standard, Working (Photometric).,...... 

Stnndnrds for Electrical Machinery. 

Stationary Induction Apparatus... 

Steam Engines, Regulation of.... 

Strand. 

Strand, Concentric. 

strandod Conductor. 

Stranded Wire,... 

Stranding... 

Stranding, Flexible. 

Stray Load .. 

Substation, Definition..*. 

Substation Machlnory Rating. 

Submersible Machine. 

Superposed Circuit. 

Supporting Systems... 

Suspension, Direct,«•*, • • * 4 ..' * 1 * ’ 

Sustained Radiation.... ... 

Switches, Definition, • 

Switches, Performance and TestB of. 

Switches, Rating of. 

Symbols.. - - *. 

Symbols, Photometric. 

Synchroscope. 

Synchronoscopo.. • ■ • • ■ 

Synchronous Commutating Machines..,. 

Synchronous Condenser. • ... 

Synchronous Convertor... 

Synchronous Converters, Losses of. 

Synchronous Machines.... 

Synchronous Machines, Losses of. 


Section 
... 916 
... 187 
... 104 
... 919 
. 185 

... 282 
.... 398 
.... 965 
..., 12 
.... 967 
,,.. 30 
.... 12 
.... 33 
..,. 969 
.630, 634 
.... 536 
.... 538 
.... .537 
.... 385 
.... 889 

. 800 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 

REPORT OP THE BOARD OF DIRECTORS FOR FISCAL YEAR 
ENDING APRIL 30, 1914 

Thu Board of Directors of the American Institute of 
presents herewith to the membership its annual report for the fiscal year 

the work which has been accomplishedduring 
the year is possible in this report, but in the preparation of «t a 
amount of detail has been given to convey a general idea of the scopean 
activity of the Institute. Those members desirmg further in o, mal.on in 
referred to past issues of the monthly Proceedings, in wluc nemiy all 
matters of importance have been given pub icily in gica e ' 

stracts of the reports of many of the Institute committees, as submitted 

to the Board, are included herein. ... . t he 

The exact status of the Institute's financial affairs ml be. found m U 
statements at the end of this report, which sho w the finance to be in sound 
and satisfactory condition. The statements alsocoida, dead dm 
formation respecting the various trust funds, assets and liabilities, and 

Meetings of the Board—The Board of Directors has 
during the year; nine at Institute headquarters in NewYoi ^ t ha the 
Coonerstown N. Y„ during the Annual Convention. In order that m 
membership may keep closely in touch with the °*f\ s 

Institute's affairs, a rfeurn* of business transacted at these 
' published each month in the Institute P. eocbed n . 

represents only a portion of the business transacted by the Boaid, as many 
mno t . matters are considered to which publicity is not given pending 
their final settlement. Such matters are dealt with in subsequent ,ss«es 
of the Proceedings under appropriate headings. N y 

Conventions.—The Annual Convention was he d m Coopcislown, N. 
tunc 23—27 1013. The total registered attendance was 242, of which 
171* were Institute members. Of the 71 guests 54 were ladies » 
four naners were presented at the six technical sessions. I he reduction 
in the number of papers over the two previous years ^ s £ avmaMy com¬ 
mented upon, as it afforded longer time for discussion and eliminated 

^The success oTthe^irst°Nndwinter Convention, held in New York early 

in 1913 led the Board to give favorable consideration to a demand fo 
shnUai convention this year, which was held at last hute 
Pehrunrv 25-27 1914, under the auspices of the Electnc Power Com 
nhttee Sixteen papers and reports on the general subject of electric 
power were presented, several of the reports embodying sepaiatesh 
papers by different authors, each devoted to some subdivision of the main 

1895 
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subject. The total registered attendance was 472, of which 364 were 
Institute members. A subscription dinner-dance, under the joint aus¬ 
pices of the Institute and the Executive Committee of the Committee on 
Organization of the International Electrical Congress to bo held in San 
Francisco in 1015, was the only official social function of the convention. 
About 350 members and guests participated in this event, 

The-fifth annual Pacific Coast Convention was hold in Vancouver, II. C., 
September 9-11. The arrangements were made and admirably carried 
out under the auspices of the Vancouver Section. Six technical papers, 
relating chiefly to industries and operations of interest to engineers on the 
coast and in the northwest, were presented. The total attendance was 
154. Vice-President Liglithipe represented the President, and presided 
at this meeting. 

Other Meetings.—A meeting was held in Philadelphia, Pa., on Oetober 
13, 1913, under the auspices of the Philadelphia Section, Three papers 
were presented and discussed at this meeting, and the total attendance 
was 204, 

_ A meeting was held in Pittsburgh, Pa., April 9-10, 1914, under the aus¬ 
pices of the Committee on the Use of Electricity in Mines and the Pitts¬ 
burgh Section. Five papers on the application of electricity in mining 
were presented, and 191 members and guests attended. 

A two-day meeting was held in Washington, D. C., April 24-25, 1914, 
in cooperation with the American Physical Society. The meeting was 
conducted on behalf of the Institute by the Electrophysics Committee, 
with the assistance of the Washington and Baltimore Sections, and the 
papers presented related more or less to the general subject of electro- 
physics. 1 he Institute contributed five of the papers presented at the 
meeting. 

In addition to the foregoing meetings, regular monthly meetings have 
also been held in New York, excepting during the summer months. 

Tlie Sections and Branches of the Institute have been exceedingly 
active, having held more than 600 meetings throughout the country. 

During the year, President Mailtoux, Honorary Secretary Pope, and 
Secretary Hutchinson have attended a large number of Institute and 
Section meetings in various parts of the country. 

Futuic Institute meetings during the present year arc being arranged 
for, as follows: Pittsfield, Mass., May 28-29; Annual Convention, De¬ 
troit, Mich., June 23-26, Pacific Coast Convention, Spokane, Wash,, 
September 9-11, 

Scientific Lectures. The wide-spread interest shown by members and 
non-members in the lectures on radioactivity by Professor E. P, Adams 
of Princeton University a year ago prompted the Board to authorize 
the appointment of a special committee on Technical Lectures last fall, 
through which arrangements were made with Dr. M, I, Pupin, Professor 
of Electromechanics in Columbia University, New York, to deliver two 
lectures on the subject of the relation of the electromagnetic theory to the 
science of electrical engineering of the present day. The lectures were 
given in New York on April 29 and May 6, 1914, Dr. Pupin’s lectures 
were planned to bring out the points of contact between Maxwell's elec¬ 
tromagnetic theory and the ordinary and less broad electromagnetic 
theory which serves as the foundation of electrical engineering today, 
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International Electrical Congress—The Executive Committee of the 
Committee on Organization of the International Electrical Congiess, 
San Francisco, 1015, which is invested with powers to carry on the work 
for the general committee, was reorganized during the year with a chair¬ 
man, a vice-chairman, and nine other members, in order that it could more 
effectively carry on its work, which has developed considerably during the 
year. The question of financing the Congress was referred to the Board 
of Directors for consideration by the committee last fall, and it became 
necessary to make some adequate provision for funds to be available for 
this purpose until such time as the committee's income through sub¬ 
scriptions would enable it to finance the Congress independently of the 
Institute. This was accomplished by the passage of a resolution by whic 
the Institute agreed to underwrite the expenses of the Congress to the 
extent of 815,000, with the understanding that the Institute is to be reim¬ 
bursed to the full amount advanced if the Congress proves to be self- 
supporting, as expected, and is to receive the profits, if any In-agreeing 

to underwrite the expenses of the Congress, the Board took the view that 
inasmuch as the project of holding the Congress originated with the 
Institute, and as, by authority of the International Electrotechnical 
Commission, the Congress is being conducted under the auspices of the 
Institute, the responsibility for obligations incurred in connection with 
it rests upon the Institute. Additional information regarding the Con¬ 
gress may be found in the abstract of the report of the Executive Com¬ 
mittee in the following pages. _ .. , .... . 

International Engineering Congress.—This congress is entnely distinct 
from the Electrical Congress, and is to bo held a week after the latter 
It is being organized under the auspices of the American Society of Civil 
Engineers, the American Society of Mechanical Engineers, the Araen- 
can Institute of Mining Engineers, the Society of Nava Archi¬ 
tects and Marine Engineers, and tlve American Institute of 
Electrical Engineers. The Institute's interest in this congress is limited, 
on account of its obligations to the Electrical Congress, lor which it 
solely responsible, and upon the success of which its efforts must neces¬ 
sarily be largely centered. The Institute is, however, heartily in sym¬ 
pathy with the proposed engineering congress, is represented upon its 
Board of Management, and is actively cooperating in the work of 

'^Standardization Rules—One of the most useful-and important activi¬ 
ties which the Institute has undertaken in recent years, and upon which 
a very large amount of time and energy has been concentrated during the 
past year, is the preparation of a revised edition of the Standardization 
Rules Credit for this work is due to the Standards Committee, wh , 
after nearly two years of unremitting labor, has practically completed the 
revision of the rules, and it is expected that the revised rules will be 
referred to the Board of Directors for formal action at the coming Annual 

'^For^gn Relations—The Institute's relations with foreign engineering 
societies have continued harmonious and cordial. The reciproca ar¬ 
rangement for the exchange of visiting member privileges with some of 
the foreign societies still remains .in force, and has been availed of 
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considerable extent. The Secretary has issued during the past year 
a large number of visiting member certificates to Institute members 
who have gone abroad, and an approximately equal number of certifi¬ 
cates from foreign societies has been honored by the Institute. 

An important step towards international representation was taken by 
President Mailloux last August by the appointment, upon authorization 
of the Board, of representatives of the Institute upon the United States 
National Committee of the International Illumination Commission, a 
newly-organized body formed from the International Photometric Com¬ 
mission at a meeting of the latter held for that purpose in Berlin, 
in August, 1913. In all, ten countries were represented by delegates. 
President Mailloux unoflicially represented the Institute and took a 
conspicuous part in the proceedings. All of the statutes, resolutions and 
official documents of the Commission are to be dra\Cn up in the French 
language, while the national committees may draw up translations which 
may be published on their own respective responsibilities. Several other 
American organizations are represented on the II. S. National Com¬ 
mittee. 

The very friendly relations which have always existed between the 
American Institute of Electrical Engineers and the Institution of Electrical 
Engineers of Great Britain have become more cordial than ever during the 
last year, through the personal efforts of their presidents, prior to and since 
their meeting at Berlin in August, 1913, as members of the official dele¬ 
gations from their respective countries to the meetings of the Inter¬ 
national Illumination Commission and of the International Electrotech¬ 
nical Commission. 


In accordance with arrangements previously made by letter and by 
cable a special conference of prominent members of the A. I. E. E. and 
the I. E. E. took place at London, in August, 1913, prior to the Berlin 
meetings. The purpose of this conference was to exchange and compare 
views, adjust and reconcile policies and programmes, and, in general, 
to secure cooperative, concerted action between the two countries in 
regard to electrical standardization and various cognate matters, and on 
questions of mutual interest" to both. This conference was most 
effective in promoting good feeling, and in stimulating the desire 
for cooperation between the two bodies. It paved the way for an 
entente cordiale " which, a few days later, at Berlin, produced telling 
results, by making the representatives from England and the United 
States work together in most satisfactory and effective manner, their 
joint efforts and influence having proved quite preponderating both 
m the organization of the I. I. C. and in the meetings of the I E C 
The desire for continued and systematic cobperation between 'the 
A. I. E. E. and the r. E. E. having already found expression at London 
and at Berlin, and the advantages thereof having become manifest since 
then, the matter was studied further on both sides and arrangements satis¬ 
factory to both sides were agreed upon. Formal action in carrying out 
these arrangements was taken by President Mailloux last February, 

when he obtained the authority of the Board to suggest to the Institution 
of Electrical Engineers that a Joint Conference Committee composed of 
representatives of the Institution and the Institute be organized to deal, 
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with matters regarding which conceited action between the standards 
committees of the two bodies might lie desirable, and, if the suggestion 
was received favorably, to appoint the Institute's representatives. 1 he In¬ 
stitution promptly accepted the invitation of the Institute to participate 
in the formation of such a joint committee. 

Committees and Departments.—Upon entering into his administration 
of the Institute's affairs in August, 1913, President Mailloux, with the 
sanction of the Board, reorganized the technical committees and divided 
the work of the Institute into six departments, with a vice-president and 

manager at the head of each department as Councillor and Vice-Coun¬ 
cillor. The features of the plan were fully described in the September, 
1913, Proceedings, 

The Standards Committee was considerably enlarged so as to permit 
the appointment ob sub-committees of a suitable number. _ 

Three new committees were appointed; namely, Electric Power, 
Electrically Propelled Vehicles, and Prime Movers The Electric 
Power Committee was organized to cover a very broad held, and was 
divided into sub-committees on Power Stations, Power Generation, 
Protective Apparatus, Transmission, Distribution, Economics, and 
Engineering Data, each sub-committee having its own chairman and 

membership. . , , ... , 

Committee Reports.—The following abstracts of the reports submitted 

by the chairmen of various permanent Institute committees give an 
outline of the activities of these committees. Much important work 
has also been accomplished by temporary committees appointed during 
the year for specific purposes; also by delegates of the Institute to ineetings 
of other technical organizations and by representatives upon various 
boards, commissions, and other local and national bodies. 

Sections Committee,-In accordance with the custom of previous 
years, the activities of the various Sections and Branches of the In¬ 
stitute are shown briefly in tabular form below:___ 



Year Ending 



May 11 

May 1 

May 1 

May 1 

May 1 

May 1 


1008 

1009 

1910 

1011 

1012 

1013 

1014 

Sections 

Number of Sections 

21 

24 

25 

25 

28 

29 

30 

Humber of Section 
meetings held... ■ 
Total attendance... 

HI 

7470 

109 

10,427 

187 

10,094 

208 

16,243 

231 

19,800 

244 

22,825 

233 

22.020 

Branches 

Number of Branches 

22 

20 

31 

36 

42 

47 

47 

Number of Branch 

meetings held. 

Attendance. 

143 

4128 

198 

8,443 

237 

10,256 

255 

10,714 

281 

10,285 

387 

11,803 

300 

11,017 


One new Section has been formed within the'last year, at Ianaina. 
Judging from the notices that have come from the new Section, it has 
had a highly successful inauguration. 
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Hie Pacific Coast membership have not as yet held their annual 
convention, but it is held over until September, thereby making it the 
first of the Institute meetings which will occur in the next administrative 
year, his will be the sixth of these Pacific Coast conventions which have 
been held among the six Pacific Coast Sections. The convention this 
year will be held in Spokane, Wash., September 9, 10 and 11. 

These conventions have been highly influential in maintaining the 
solidarity of the Institute membership on the Pacific Coast. 

. ^ he SecLlons and Branches continue to maintain the important place 
in Institute activities that they have maintained since their inauguration 
twelve years ago. 

Meetings and Papers Committee.—The Meetings and Papers Commit¬ 
tee has had general supervision of the arrangements for the Institute 
meetings and conventions held throughout the country during the year. 
In providing the program for these meetings the committee has had the 
cooperation and assistance of various other Institute committees, The 
c an man of the committee contributing the paper for discussion at 
a meeting has usually presided at the technical session at that meeting. 

the committee is now making preparation for the Annual Convention, 
which is to be held in Detroit, Mich., June 23-2G, 1914, The committee 
is pursuing the same policy as last year in limiting the number of papers 
to be presented, having found this a great advantage, as it affords a 
longer time for discussion and eliminates the necessity for parallel sessions. 

New York Reception Committee.—The New York Reception Com¬ 
mittee has arranged for the smokers which have been held at Institute 
headquarters in connection with the monthly meetings. These smokers 
have been supported entirely by voluntary contributions from members 
residing in and near New York. 

Standards Committee.—The membership of the Standards Committee, 
as appointed last year, has been larger than heretofore, so as to permit 
ot the division of the committee into sub-committees on specific subjects. 
Six sub-committees have been created, to deal with the subjects of 
ating, Telegraph and Telephone Standards, Railroad Standards. Nomen¬ 
clature and Symbols, Cables, and Rating and Testing of Control Ap¬ 
paratus. Each sub-committee has been presided over by a chairman. 

the committee, as a.whole, has bent its energies during the year to 
pioducmg a new edition of the Standardization Rules. Since the last 
edition was issued.in 1911 many rules in it have ceased to be useful, 
and should be superseded. A large amount of material for the new 
edition was laid before the Institute in the papers read at the New York 
Midwinter Convention of February, 1913, Since that date the Standards 
Committee has been actively engaged in drawing up the proposed new 
rules and in circulating the proposals for discussion. Preliminary drafts 
ot sections of the proposed new rules were printed in December, 1913 
January, February, March and April, 1914. Many of these drafts have 
been extensively circulated, especially those prepared by the sub-com- 
imttee on Rating. The sub-committees have successively discussed 

diffemnt nft th T e H draftS “ l0Cal me6tingS attenc1ed ^ ^alists from 
dmerent parts of the country. 

The meeting of the whole committee in April, at the Institute rooms, 
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lasted two full days. The latest revision is now being prepared for further 
distribution, and for final discussion at ft meeting! m Jur*. It,*exP«ted 
that the committee will then be able to submit the new edition 
Board of Directors at the Annual Convention. , 

Code Committee —The Code Committee was represented by its chair¬ 
man at a Co,™ rence on Fire Prevention held in Philadelphia in October, 
1913, under the auspices of the Philadelphia Fire Prevention Co-.nussiom 
The outcome of the conference was that the work which it wa^ ex pected 
would be handled by the Commission » to be taken care of by the Publi 

Sn,“ mmf.teeof the American E.il».y A.socintron .» the ,omt use of 

"tlbTOV Committee -In accordance with Section M of the bylaw, of the 
Inrttato' Committee beg. leave to submit h.rewrth tt 

,1“ for the fiscal year ending April 30, 1014, showing the general 
condition of the library, and including th. name, oiall 

.S ;.“w.or f « ^2 -‘he approval of tim founder 

wo* anring 

“’re. the most important matter, to claim the attention rf the 
Board wa. the general question of financrng he hbrary The b, 

was brought «p for discussion "^““on^ing of 

, Mrasrs « 

Library Board^one representative from e.oh society bo.crewed, e.oh 

*rsrr^' 

operating expense, « 

remaining three-quarters to be borne equauy y 

S °f ^That all purchases of books, periodicals and binding be made 
by thJSml’npon the authorisation of 

the founder society concerned, or in * e cuSe .° B d and E t i m t the 
Society, by the.Finance Committee of the Libiary Boa , 





1902 


REPORT OF BOARD OF DIRECTORS 


[ May 19 


cost of such books, periodicals and binding be borne in each case by the 

society concerned. y 

4. That the research work carried on under the direction of the 
hbiarian be made, as far as possible, self-supporting. 

Under this plan the United Engineering Society shares in the opera- 

^ wl “ oh " ere,0, “ b0 ™ »“'«■? '-y «» 

The library now contains over 54,000 volumes, and about 1,600 com- 
currentty P ° f peHodicals - 0ver 800 periodicals are received 

W “ ch Shal1 form the basis a »st of the sets of technical peri- 
odicals in the various libraries of New York City, have been obtained 
and the work of compiling this list is now progressing 
The research department has developed considerably during the 
year. Over a thousand questions have been received requiring research 
and a large number of photographic reproductions and reference l ts 

n7rh 7 Tr t0 ° Ut ;° £ ' t0Wn dieUts ' both hel ' e “d abroad, thus extent 
. f the facilities of the library to every part of the world. The fees for 

«£ 

yefr t 1nctd 1 ing f a 01 Stt U 1 C ° nCernin ^ the a » d its during the 

year, including a list of donors, is given in the following tables. 

Donors 

May 1, 1913—April 30, 1914 
ADAMS, E. D. 

AMERICAN ELECTRIC RAILWAY ASSOCIATION. 1,1 

AMERICAN ELECTROCHEMICAL SOCIETY.’ . a 

AMERICAN' INSTITUTE OF CONSULTING ENGINEERS. 1 

AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.'.’.’.'.'.. 1 

AMERICAN MINING CONGRESS. 

AMERICAN RAILWAY ASSOCIATION_ 

AMERICAN SCHOOL OF CORRESPONDENCE'. ‘ O 

AMERICAN TELEPHONE AND TELEGRAPH COMPANY . A 

ARGENTINE SOCIAL MUSEUM. * 

ARNOLD, B. J. 1 

*®™ OK op IR0N AND STEE L electrical engineers-, J 

11AK1UERX, M.. i , 

BISHOP, L. W.. [ . 1 

brammer, j, c..... . * 

BROOKLYN ENGINEERS CLUB. J 

CALDWELL, EDWARD. * 

CARNEGIE LIBRARY OF PITTSBURGH 

CHICAGO COMMITTEE ON GAS, OIL AND ELECTRIC LIGHtV. '. 1 

CITY AND GUILDS ENGINEERING COLLEGE. i 

CLEVELAND ENGINEERING SOCIETY . 

CONGRESO CIENTIFICO (1° PAN AMERICANO)'.. o 

C °trTche° mTHRNAZI0NALE DELLE applicazion. elet! 

CROCKER, FRANCIS B. .. ' ' ' * 

DELAWARE COLLEGE.. . ® 
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department of terrestrial magnetism. 1 

ELECTRIC RAILWAY JOURNAL. 1 

ELECTRICAL WORLD. 1 

ELECTRO-TECHNICAL LABORATORY, TOKYO. 2 

electro-technical laboratory, dept, of communica¬ 
tion, TOKYO. 2 

engineers’ club of Philadelphia. 1 

FORD, BACON & DAVIS. 1 

FOWLE, F. .. 2 

FOWLER, C, P. 1 

FRANKLIN INSTITUTE. 1 

GENERAL RAILWAY SIGNAL COMPANY. 1 

.. 2 

HAMMER, WILLIAM .. *• 

HERMANN ET FILS.. 2 

HUTCHINSON, F. .... * 

ILLUMINATING ENGINEERING SOCIETY. . . .. 1 

INSURANCE SOCIETY OF NEW YORK. 1 

IOWA ENGINEERING SOCIETY. * 

.. ! 

JONES, R. .. 

JOSEPH DIXON CRUCIBLE COMPANY. * 

KANSAS ENGINEERING SOCIETY. 

KENNELLY, A. E . . . 

KIRCHGASSER. .... 

KNOWLES, EDWARD .. 

KOWALEUKOFF, .. 

LLOYD’S REGISTER OF SHIPPING. 

LOS ANGELES EXAMINER. 

LUDIN, ADOLF. j 

LUMIEIIE ELECT HI .. 

MARYLAND PUBLIC SERVICE COMMISSION. 

MASSACHUSETTS BOARD OF GAS AND ELECTRIC LIGHT COM- ^ 

MISSIONERS.. - 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 

MAYER, .. o 

MINISTERIO DA VIAGAS E OBRAS PUBLICAS, BRAZIL. 

MINISTERO DELLE POSTE E DEI TELEGRAFI.. • 

MUNICIPAL ENGINEERS OF THE CITY OF NEW YORK. i 

NATIONAL ELECTRIC LIGHT ASSOCIATION. 

NATIONAL FIRE PROTECTION ASSOCIATION. ® 

NEW ORLEANS SEWERAGE AND WATER BOARD. ^ 

NEW YORK (city) BOARD OF TRADE.*. 

NEW YORK (CITY) BOARD OF WATER SUPPLY.' ' ' ' ' 

NEW YORK (CITY) DEPARTMENT OF WATER SUPPLY, GAS AND ^ 

electricity. 4 

NEW YORK (STATE) DEPARTMENT OF LABOR.. 

NEW YORK (STATE) PUBLIC SERVICE COMMISSION. ^ 

NORSA, RENZI,.’. 
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OESTERREICHISCHER INGENIEUR UND ARCHITEKTENVERE N 
PENROSE, CHARLES. 

PIERCE, A, L.] ‘ [. 

POLYTECHNIC INSTITUTE OF BROOKLYN. , ... ... 

PREFECTURE DE LA SEINE. . 

PULLIGNY, L. DE.' ’ ’ ’ ..... 

REED, HENRY D. .,. 

SAINZ, J.. 


SCHOOL OF ENGINEERING OF MILWAUKEE..’. 1 

SIMON, ARTHUR. 

SOCmTY FOR THE PROMOTION OF ENGINEERING EDUCATION, . . 1 

SOCIETY OF CHEMICAL INDUSTRY. , j 

SOUTHWESTERN ELECTRICAL AND GAS ASSOCIATION.'.2 
STREET RAILWAY ASSOCIATION OF THE STATE OF NSW YORK ' ’ 1 

TELEPHONE PIONEERS OF AMERICA. " ' 

THOMPSON, S. . 1 

ULISSE DEL UNONO. .*. J 

UNDERWRITERS LABORATORIES, INC. ' J 

U. S. BUREAU OF NAVIGATION, DEPT. OF COMMERCE. . . . .. 1 

u. S, BUREAU OF STANDARDS. . . 

U, S. DEPARTMENT OF AGRICULTURE......^.’,^’’’]''. 4 

U. S. WAR DEPARTMENT. 

D, VAN NOSTRAND COMPANY. . 

VERBAND DEUTSCHER elektrotechniker' '. 1 

WEAVER FUND. . 1 

WEIN, SAMUEL.. | 

WESTERN UNION TELEGRAPH COMPANY, ... . i 

Woodbury, c. j. h. .*. 7 


Summary of Accessions 

May 1, 1913—April 30, 1914 

Conors,.. 

Exchange.. . ." ' * 

Purchase and old material* ’.'.' ‘|‘' ‘'' " " ' .. 

Total accessions.. 477 

__ Statistics of Library May 1, 1014 


Pamphlets 


Valuation 


Report of May l r 1013., .. 

Purchase.. 

Gifts and exchanges. 

Old material accessioned,. 






































May 

Jim* 

July 

August 

September 

October 

November 

December 

January 

February 

March 

April 


Total May 1913-Aprll 1011. 10.122 I 2007 12,720 | 

' Total May 101’2-April 1013. 7- c67 2280 _2l21Z— 

In the following table are given figures for the total valuation of the 
library property, no allowance having been made for depreciation: 

££.:::::::::::. 

aiacKs. »”*•»’ • ♦ rm 

Furniture,catalogue cases, etc. 

Wheeler eases. 0 ’ 

*38,387,30 

The following tabulation gives the state of the accounts from which 
the Library Committee is entitled to draw: 

Mailloux Endowment Fund (* 1 , 000 ) 

(Proceeds for the maintenance of specific seta of periodical publications). 

Balance Mny I. 1013. *77,65 Expended... * 

Interest... «•» Unexpended..ll_ 


INTKRNATIONAI. ELECTRICAL CONGRESS OF ST. LOUW, 1004, FUND. 

(Proceeds availnbie for the purchase of non-Amerlcan InternationalelectncainteraUre^ 

Invested in Now York City 41% Bonds. 81.00 

Additions to the Funds... .. 

. $2349.00 

Total Fund. 

. 'Zi SS3-vr,::::::::::::: <■“:» 

Interest. .. 


During the ,»r the Oen.r.i Library e"dSf l“ TpS 

sirs—* - 
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appear in the statement given above, nor are these amounts included 
in the record of expenses given below. 

I 

Institute Expenses on Account of Library. ! 

Shnre of salaries of librarian, assistants, cataloguer and desk attendant (ono- ' 

third from May 1,1913 to December 31, 1013, and one-fourth for remainder 


of year ending May 1,1914). $2000.40 

Share of library’s supplies, etc. _ 137.02 

♦Books and periodicals. ISO. 18 

Insurance.. _ 88.21 

Binding. 334.86 


Respectfully submitted, 

E. L, Hutchinson 

P. B. Jewe?It 

Malcolm MacLaren 

W. I. Slighter 

Samuel Sheldon, Chairman, 

Railway Committee,—The Railway Committee has endeavored to 
make progress in getting comparisons of actual equipment and opera¬ 
ting costs characteristic of the various direct-current and single-phase 
electrical installations connected with trunk line traffic, but thus far has 
been unsuccessful, because, while some of the officials concerned have been 
willing to make the necessary exhibits, they have found themselves unable 
to do so without the cooperation of all concerned. Efforts to this end 
have therefore been deferred for the present, 

Electric Illumination Commlttee.-This committee was not appointed 
until November last, by which time the Institute's work for the adminis¬ 
trative year was well under way. The committee has held one meeting 
and has had considerable correspondence, including negotiations with the 
Illuminating Engineering Society with regard to joint work and obtaining 
papers on the subject of illumination for the Annual Convention and later 
meetings of the Institute. 

Electric Power Commlttee.-The Electric Power Committee lias been 

and boM y en f:r C r h . the formation of its Plans for the development 
and holding of the Midwinter Convention. It is anticipated that during 

zatio'n wor n k "b l ^^ ° UiHne wiU be P re P ared of the standard! 
soecfficldn , C .V 3n be desirabl y handled by the committee and of the 

made to ale ^ be ° Ut,lned ** i4 ’ Preparations are also being 
The I ’“i a 0 ” 6 ! f S10n of the Annual Convention in Detroit. 
aLio , Tr V eS '° rv Sub ' COmmittees on Power Stations, Power Gener- 

^ Engineedng Data are 

| ub ; Com ^«’~-The Power Stations Committee held 
residffigln Boston^Boston which weregenemUy limited to those members 
residing in Boston and its vicinity, and it also had considerable corn’s 

dut£ n of tl ’ > members ' with the ob jeot in view of outlining the 

out efficiently. The com- 

th« Get: fo ; v he y r r ' th ° 

nuking the total expenditure^ ^ t0 th ‘ S SUl "' thuB 
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mittee took the responsibility for one of the sessions of the Midwinter 
Convention in New York in February, and provided papers for that 
session. 

Power Generation Sub-Committee.—Under the auspices of this com¬ 
mittee there was presented at the Midwinter Convention in New York a 
paper by Dr. Cary T. Hutchinson, on The Economical Capacity oj a 
Combined Hydroelectric and Steam Plant. 

Transmission Sub-Committee— The Transmission Committee provided 
the papers for one of the sessions at the Midwinter Convention in New Y ork 
in February. The principal paper consisted of a general report compris¬ 
ing data and records of experience contributed by the various members 
of the committee. Appended to the report were four short articles all 
relating to the general subject of transmission. 

Distribution Sub-dommittee.— The Distribution Committee prepared a 
report with nine appendixes, each covering a specific branch of electiical 
distribution. The report proper - referred to some of the newer and largei 
general problems and the tendencies in generalized distribution. The 
report and appendixes, covering practically the entire field of electrical 
distribution, were presented and discussed at the Midwinter Convention. 

Economics Sub-Committee.—The Economics Committee has concen¬ 
trated its energies upon an effort to arrive at a proper method for iccoiding 
power costs. The object to be attained is to record these costs so that the 
results will permit a true comparison of stations operating under different 
circumstances. 

Engineering Data Sub-Committee.—The Engineering Data Committee, 
ill cooperation with the Handbook Committee and the Electric Power 
Committee, provided the program for one session at the recent Mid¬ 
winter Convention. The committee has in hand, and now has revised 
and ready for approval, the model or skeleton high-tension insulator 
testing specification which was prepared last year by the High-i ension 
Transmission Committee, It is believed that this specification will be 
found of considerable value in an educational way and in the establish¬ 
ment of uniformity in practise in insulator tests. The committee has 
also been continuing the collection of data on high-tension plants which 
was initiated last year, and now has in hand reports from some 20 com¬ 
panies, most of them containing valuable material. These are being 
analyzed and it is expected that the analysis will be completed for the 
Annual Convention, The committee is also trying out the plan of send¬ 
ing circular letters to a selected list of engineers asking for their experience 
or practise in regard to some particular question of engineering interest, 
usually at the request of some member wishing information on that partic¬ 
ular topic. Such pertinent replies as are received are embodied in a cir¬ 
cular letter and sent to the appropriate list of members. 

Industrial Power Committee.—Tlris committee was not appointed 
until late in October, at which time the schedule of regular meetings for 
the year had been practically decided upon. Consequently, the com¬ 
mittee has concentrated its efforts towards arranging for papers to be 
presented at the Industrial Power session at the Annual Convention 
in Detroit in June. It is hoped that these plans will result in a satis- 
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factory meeting. The committee expects to arrange an exhibit of moving 
pictures of the iron and steel industry for the Annual Convention. 

Telegraphy and Telephony Committee.—The Telegraphy and Tele¬ 
phony Committee held no meetings during the year, owing to the wide 
geographical distribution of its membership. Under arrangements with 
the Meetings and Papers Committee it accepted the responsibility for 
the program of the Institute meeting hold in New York on March 13,1014. 
The Institute of Radio Engineers was invited to participate in this meeting. 
Three papers were presented; one dealing with railway telephone and 
telegraph practise, another with a study of telephone traffic in automatic 
systems, and the third with long-distance radio transmission. 

The chairman had considerable correspondence with the members of 
the committee in regard to the collection and compilation of engineering 
data in the allied fields of telegraphy and telephonf. A number of pro¬ 
posals were advanced by certain members of the committee, and these 
were submitted to the whole committee for discussion, but no decisive 
action resulted. 

Electrochemical Committee.—The work of the Electrochemical Com¬ 
mittee for the past year has been largely devoted to' attempts to obtain 
suitable papers on electrochemistry treated from an engineering viewpoint. 
Owing to the scattered geographical distribution of its members it has 
been necessary to carry on the work through correspondence. Three 
papers were promised during the year, of which one will be presented at 
the Annual Convention, The remaining two papers arc nearly completed 
and are definitely promised for next season and may bo available in the 
fall. 


The committee has also considered the question of collecting technical 
data in the electrochemical field with a view to collating this for publica¬ 
tion under the auspices of the Institute, in line with similar work which 
is being carried on by several of the other technical committees. Many 
difficulties have been found in the way of this work, however, and no ac¬ 
tual data were collected during the year. One feature that appears 
in the way of collecting engineering data relating to electrochemistry is 
the fact that some of the electrochemical industries have not been stand¬ 
ardized to a sufficient extent to justify the standardization of the engineer¬ 
ing data relating to these industries. Further, such data as the ordinary 
chemical and electrochemical constants would seem to be more properly 
collected in handbooks and textbooks, while new data of this kind would 
seem to be more properly collected by the Electrochemical Society, 
ihis society has a committee on electrochemical standards and units, 
Electrophysics Committee.—The work of the Electrophysics Com¬ 
mittee has been directed (1) to the securing of papers on subjects relating 
to the physical theory underlying electrical engineering, (2) to the stimu¬ 
lation of interest in experimental research, and (3) to the arrangement of 
a joint meeting of the Institute and the American Physical Society. 

up to the present time 10 papers have been considered. Five of these' 
were presented at the Washington meeting, A pril 24 and 23, two are under 
consideration for the Annual Convention, and two have been rejected as 
unsuitable Promises have also been received of two additional papers, 
Through correspondence the committee has continued its efforts to 
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secure a list of promising subjects for research, So far the results of this 
attempt have not been numerous, but it is hoped that by continued effort 
in this direction valuable material may eventually be collected, 

The committee arranged the Institute meeting held in Washington 
April 24 and 25 in cooperation with the American Physical Society. 
The cooperation of the National Bureau of Standards and the Baltimore 
and Washington Sections was also secured, Arrangements were made 
for an interesting exhibit of measuring instruments and other apparatus 
relating to electrical engineering. 

Committee on Use of Electricity in Mines.—During the past year the 
committee has given considerable attention to the question of regulations 
for electrical installations in mines. After a study had been made of the 
situation it was decided that it would be desirable to obtain a discussion 
of mining regulations'trom individuals interested in this work. There is 
no recognised standard for electrical work in mines, and on account of the 
increasing importance of this work it was considered that some standard¬ 
ization is desirable. A two-day meeting of the Institute was held in 
Pittsburgh on April 9 and 10, at which various European and American 
mining codes were discussed, In addition a number of papers were read 
which produced an interesting exchange of ideas. It was suggested 
that the subject of electrical installation in mines should receive attention 
from the committee for 1014-1915, with the object of obtaining joint 
action with other national societies toward the formation of a set of rules 
meeting with the approval of mining and electrical engineers, which could 
be used as a basis for standardization and future legislation by state 
governments. 

Committee on Use of Eleciricity in Marine Work—This committee 
has provided the two papers which will be presented at the New York 
meeting on May 19. These are, Electricity the Future Power jor Steering 
Vessels, and The Future of Electric Heating and Cooking in Marine Service. 
The committee has held two meetings during the year and steps have been 
taken toward the formulation of rules covering electrical installations on 
shipboard, and the collection of data showing present good practise in 
marine installations. 

Committee on Electrically Propelled Vehicles.—In view of the rapid 
growth in the use of electric vehicles for both pleasure and commercial 
purposes it appeared advisable to have an Institute Committee On Elec¬ 
trically Propelled Vehicles. The committee has held only one formal 
meeting, but the chairman has been in communication with the various 
members of the committee throughout the year. The general opin¬ 
ion of the members of the present committee is that the committee should 
confine its attention to the engineering features involved in the design and 
use of electric vehicles, and that questions of standardization of equipment 
and parts should be referred to the Standardization Committee of the 
Electric Vehicle Association of America. 

At the request of the chairman of the Standardization Committee 
of the Electric Vehicle Association of America, the Committee on Elec¬ 
trically Propelled Vehicles has requested the Standards Committee of the 
Institute to approve the'Standard charging plug adopted by the Associa- 
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tion, and has also requested the Standards Committee to endeavor to 
secuie the adoption of this plug by the U. S. National Committee of the 
International Electrochemical Commission. 

Committee on Records and Appraisals of Property.—-This committee 
has decided that its efforts this year should be directed chiefly to formu¬ 
lating, as far as possible, a statement of the general principles which 
should underlie the production of correct appraisals and records of prop¬ 
erties, and that it would be better not to attempt to lay more than a 
basic foundation upon which next year’s committee can work. 

Prime Movers Committee,'—The Prime Movers Committee is now 
engaged on a report which it is hoped will be presented at the Annual 
Convention, covering the present status of the art of prime movers. 
This report will not only cover the relative efficiencies, but also the eco¬ 
nomics of the situation. B 

Educational Committee.—The Educational Committee planned to 
prepare a report dealing particularly with the development of more 
effective means of utilizing existing institutions for vocational training. 
The committee has been in correspondence with the secretaries of the 
Sections of the Institute, and individual members of the committee 
have under way special studies, all bearing on the same general subject. 
The report is nearing completion, but it will not be possible to present 
it at the Annual Convention as it was hoped could be done, and therefore 
it is now planned to refer it to next year’s committee. 

Committee on Technical Lectures.—In accordance with suggestions 
received at the time of its appointment, the Committee on Technical 
Lectures arranged for two lectures on the subject of “ The Electromagnetic 
1 lieory and Its Relation to the Science of Electrical Engineering of the 
Present lime, 1 by Dr, M, I. Pupin, Professor of Electrbmechanics at 
Columbia University. These lectures were given in New York on April 
29 and May fi; and were largely attended by Institute members and others. 

The committee has considered the subject of arranging for represen¬ 
tatives of the Institute to deliver popular lectures on engineering subjects 
in cooperation, with the boards of education of various cities. It is 
the sentiment of the committee that it is desirable that this work should 
he undertaken next year. 

Editing Committee.—Twelve numbers of the Proceedings have been 
published under the auspices of the Editing Committee since April 30th. 
1913; the total number of pages being practically the same as for the 
past two years. During the past year the committee adopted the policy 
of cutting down the discussions before sending the stenographer’s reports 
to the various speakers for revision. By this means the length of discussion 
is indicated by the Editing Committee in advance, and considerable cor¬ 
respondence in regard to condensation of discussion has thereby been 
eliminated. This practise has apparently proved equally satisfactory 
to the authors and the Editing Committee. During the past year the 
separate pages for the titles and abstracts of papers in the Proceedings 
have been eliminated and the abstract included on the title page as part 
of the paper, The typographical style of the Proceedings has 
thereby been improved and a saving of over SI,090 effected by the 
elimination of two pages for each of the papers published. The change 


i 



1914] 


report of board of directors 


1911 


in the 1 weight and character of the paper on which the 1912 issue of the 
Transactions was printed permitted this volume to be issued in two 
parts instead of three as in the previous year, thereby effecting considera- 
able saving in shelf space for the volume as well as a substantial saving 
in cost of publication. 

Indexing Transactions Committee.—The Index to the Transactions 
covering the period from 1884 to 1910 was completed last fall. Volume 
II, covering the years 1901 to 1910, was issued in September, and Volume 
r, covering the years 1884 to 1900, was issued a few months later. An¬ 
nouncements that the volumes were ready and would be sent gratis to 
any Institute member desiring them, were published in the September 
and December 1013 issues of the Proceedings, together with full 
information regarding the index, and the volumes have since had a wide 
distribution. * 

'The index consists of two separate parts, each intended for a distinct 
purpose. 

1. An index of papers in which they are classified in natural groups and 
arranged chronologically in each group. In each case the title and author 
are given, with a brief synopsis of the contents of the paper, and the names 
of those who took part in the discussion. Reference is given to volume 
number, year and page. 

2 , A topical index of specific data and information arranged alpha¬ 
betically. This part of the index furnishes a guide to all the information 
contained in the Transactions, and is grouped naturally under nouns and 
phrases, followed by modifying adjectives and sub-classes, all arranged 
alphabetically. 

An index arranged on a similar plan, covering the matter contained in 
the papers and discussions during the year, is now published in each 
annual volume of the Transactions, beginning with 10^1, 

Public Policy Committee.—The Public Policy Committee has held 
three meetings to consider and report upon matters referred to it 
by the President and Board of Directors; namely, the matter of sending 
a memorial to the President of the United .States urging the appointment 
of one or more engineers on the Interstate Commerce Commission; to 
consider the continuation of the Institute’s representation on the Ad¬ 
visory Board ol the National Conservation Congress; and, to consider 
the invitation from the Secretary of the Interior, to confer with him on 
the subject of proposed legislation to govern the 1 issue of permits for 
hydroelectric development on the public domain. 

Patent Committee.—At the request of the Patent Committee a meeting 
of the Public Policy Committee was called in April to consider certain 
information which had been brought to the attention of the chairman 
of the Patent Committee in regard to the U. S. Patent Office. As a 
result of the meeting the Public Policy Committee recommended the 
appointment of a special committee of the Institute to appear before the 
House Committee on Appropriations, in Washington, and urge the in¬ 
clusion in the Sundry Civil Bill of,the sum requested by the Hon, Thomas 
Ewing, Commissioner of Patents, for the preparation of plans for a new 
1 Patent Office. 

Committee on Relations of Consulting Engineers —This committee 
. has kept in touch with the practise and experience of the American In- 
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stitute of Consulting Engineers in the use of the schedule of recommended 
charges adopted by that Institute, and has collected valuable data re¬ 
lating to the regulations governing the fees of architects and consulting 
engineers ns adopted in certain foreign countries. 

Committee on Code of Principles of Professional Conduct.—This com¬ 
mittee has had nothing referred to it for action during the year. The 
code as adopted two years ago has been used as a basis by other societies 
and organizations for the formulation of codes of ethics or principles of 
professional conduct for themselves. 

Constitutional Revision Committee.—As reported to the Board last 
January, the general sentiment of the Constitutional Revision Committee 
was that the best interests of the Institute would be served by not initiat¬ 
ing any amendments to the Constitution this year. There arc a number 
of minor points in t)ie Constitution which could be made clearer or more 
consistent. Such changes might host bo brought to the attention of 
the membership for vote when important constitutional changes are also 
to be voted upon, 

It is thought by the committee that the present Constitution goes too 
much into detail with reference to certain matters, particularly concerning 
committees. The duties of certain committees, presumably the Executive 
Committee, the Board of Examiners, the Tellers, Finance, Sections, Edit¬ 
ing, and Meetings and Papers Committees, should be dealt with in the 
Constitution. The other committees might be more properly regulated 
by the by-laws. 

U.S. National Committee, International Electrotechnical Commission.— 
The Commission held a meeting in Berlin in September, 1913. The 
U. S. National Committee was represented at this meeting by President 
Mailloux and Messrs. Bell, Hobart, ICennelly, and Sharp. An advance 
report of the meeting was prepared by the Secretary of the American 
delegation and printed in the Institute Proceedings for November 
1913, pp. 2148-2162. 

Since the date of the last committee report in May 1913 the following 
publications have been issued by the Central Office: 

June 1013, No. 23 List of Members 

June 1913, No. 24 Fourth Annual Report to December 1912 

Nov. 1013, No, 25 R6sunu§ of Meetings of Special Committees 
held in Berlin, September 1913. 

Dec. 1913, No, 26 Rdsumd of Meetings of Special Committees 
held in Berlin, September 1913, 

Jan. 1914, No. 27 International Symbols Adopted at Berlin, 
September 1913. 

Mar, 1914, No, 28 International Standard of Resistance for Cop¬ 
per. 

Several meetings of the committee have been held during the year 
and communication has been maintained with the other national com¬ 
mittees, on various topics, through the Central Office in London. 

In many ways the I. E. C. has accomplished and is accomplishing 
results of widespread benefit. The U. S. National Committee continues 
to take a prominent and active part in this work as it has in the past. 

Committee on Organization of International Electrical Congress.— 
During the year ending April 30, 1914, the work of organizing the Inter- 
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national Electrical Congress has taken definite form. Early in the year 
the Executive Committee oE the Committee on Organization was re¬ 
organized with a chairman, a vice-chairman and seven members, most 
of whom are chairmen of sub-committecs charged with the responsibility 
of the proper conduct of certain phases of congress work. An Honorary 
President and Honorary Secretary of the Congress were also appointed, 
both of whom are ex officio members of the Executive Committee. 

President Mailloux also appointed as Honorary Members of the Com¬ 
mittee on Organization prominent engineers in foreign countries, bringing 
the total membership of the committee up to about 335 members. 

The Executive Committee has been invested with plenary powers to 
conduct the organization work on behalf of the committee at large. 

A number of important steps were taken by the Executive Committee 
during the year tovvhrd promoting the successful organization of the 
Congress. Membership fees were fixed at,the lowest practicable point, 
with the object in view of securing the widest possible dissemination of 
the Congress transactions and the largest practicable membership. 

Invitations to subscribe to membership in the Congress were issued 
beginning about March 1, 1914. These were sent first to Institute 
members, and are now being issued in European countries. Invitations 
to present papers before the Congress have been issued to a carefully 
selected list of approximately 150 engineers in countries other than the 
United States. Similar invitations will shortly be issued to American 
engineers. , Steps are being taken to secure official governmental represen¬ 
tation in the Congress. 

The committee reports an encouraging display of interest in the 
Congress, and the conditions appear propitious for a highly successful and 
very useful Congress. 

Edison Medal.—By the unanimous vote of all of the members of the 
Edison Medal Committee, the fifth Edison Medal was awarded on 
December 10, 1913, to Mr. Charles F. Brush, of Cleveland, Ohio, “ for 
meritorious achievement in the invention and development of the series 
arc lighting system,’ 1 The presentation will be made during the Annual 
Convention at Detroit. 

Board of Examiners—The Board of Examiners has held 11 meetings 
during the year. It has examined and referred to the Board of Directors 
with its recommendations a total of 1373 applications of all classes. A 
summary of these is as follows: 

Recommended for election to the grade of Associate. 685 

Recommended for election to the grade of Member. 45 

Recommended for election to the grade of Fellow.. .^. 3 

Not recommended for election to the grade of Associate... 1 

Not recommended for election to the grade of Member.... 9 

Recommended for enrolment as students. MO 

Recommended for transfer to the grade of Member. 40 

Not recommended for transfer to the grade of Member.. . 20 

Recommended for transfer to the grade of Fellow. 34 

Not recommended for transfer to the grade of Fellow. 11 1H 

Total number of applications considered. 1.373 
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Membership.—The Membership Committee deemed it inadvisable to 
attempt a membership campaign by direct circulation ot’ literature solicit¬ 
ing new membcis. It was felt that this work could be carried on to better 
advantage through the' Sections, and accordingly, a circular letter was 
issued inviting then cooperation. Many of the Sections have active 
membership committees and all of them are cooperating in advancing 
the interest of the Institute by obtaining desirable new members. The 
following table shows the number of members in each grade, the total 
membership, and the additions and deductions which have been made 
during the year. 



Honorary 

Member 

Follow 

MembdT 

Associate 

Total 

Membership, April 30, 1013. 

5 

310 

847 

0480 

7054 

Additions; 






Elected. 

1 

4 

42 

700 


Transferred. 


121 

204 



Reinstated. 



6 

44 


Deductions; 


. 




Died. 

1 

1 

7 

28 


Resigned.... 


1 

fl 

138 


Dropped. 



9 

3R4 


Transferred. 



110 

276 


Membership, April 30, 1014, 

5 

430 

1027 

6405 

7870 


Net increase in membership during the year 


Deaths .—The following deaths have occurred during the year: 

Honorary Member,—Sir William H. Frcece. 

Fellow,—Stephen D. Field. 

Members—Julius C. Calisch, Richard N. Dyer, Edwin J. Houston, 
Francis W. Jones, F, V. T. Lee, W. D. Marks, W. A. Pearson. 

Associates.—L. E. fleilstein, R. E. Bowser, E. A. Byrnes, [. R, Calhoon, 
M. M. Corbin, C. E. Delafiold, R. M. Ferris, E. M. Filine/ll. H. Fulton! 
L. J. Gallagher, P. F. I-Iarbolt, L. D, Hitzerolh, R. M. Hopkins, George R. 
Kempton, J. A. Kraeuchi, A. W. Lindgren, L. N. Peart, William Pitt, 
David II. Roberts, A. G. Rodgers, Eugene Romig, Clinton B. Smith, 
Wilson B, Strong, H. H. Strut hers, C. Edgar Titsel, George Westinghouse, 
C. W. Whitman, Sidney Woodfield. 

Total deaths, 37. 

Finance Committee.—The following correspondence and financial 
statements form a complete summary of the work of the Finance Com¬ 
mittee for the year. 
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New Youk, May 12, 1914. 

Board of Directors, 

American Institute of Electrical Engineers. 

Gentlemen : 1 

Your Finance Committee respectfully submits the following report 
for the year ending April 30, 1914, 

During the past year the committee has held monthly meetings, 
lias passed upon the expenditures of the Institute for various purposes, 
and otherwise performed the duties prescribed for it in the Constitution 
and By-laws. Haskins and Sells, chartered accountants, have audited 
the Institute books, and their certification of the Institute finances 
follows. , 

In company with your Secretary and a member of the firm of char¬ 
tered accountants, the committee has examined the securities held by 
the Institute and finds them to be as stated in the accountants' report. 

Early in 1013, in consequence of certain extraordinary expenses 
incurred during the previous year, the Board was obliged to negotiate 
a loan of @10,000 in order to meet the Institute's current obligations. The 
note was taken up several months later, when funds began to accumulate 
through the payment of dues, but it appeared inevitable at the time that 
a similar condition must arise early in the present year. Such, however, 
has not been the case; the income from dues has been sufficient to meet 
all expenditures and to take up the note referred to, without in any way 
curtailing the Institute's activity. In fact, its field has broadened, con¬ 
siderably during the year, 

It will he noted that there is a surplus of @14,900.31) for the fiscal year. 
Of this amount, @3,805.94 is made up of accessions to the Library—vol¬ 
umes and fixtures and to works of art, 

A change has been made in the form of the report, which will be 
particularly noted in Exhibit B, the report for the past fiscal year stating 
the revenue and the expenses for the year, in place of receipts and dis¬ 
bursements. This change we believe will show more clearly the financial 
operations than the form previously employed. 

It will also be noted that the financial affairs of the Institute are in 
excellent condition, and there is every reason to anticipate that the 
coming year will prove equally prosperous, which should enable the In¬ 
stitute to take care of the amount it has underwritten in connection with 
the International Electrical and International Engineering Congresses, 
to be held in 1015, without impairment of its invested surplus. 

Respectfully submitted, 

J. Franklin Stevens, 

Chairman Finance Committee 
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AMERICAN INSTITUTE OF 

General Balance Sheet 


Exhibit A. 

T _ Assets, 

Land and Building: 

Interest in United Engineering Society's Real Estate, No. 

26 to 33 West 39th Street: 

Biniding .......... 8353,310.61 

Une-third Cost of Land. 180,000.00 

Total Land and Building... 

Equipment: 

Library—Volumes and Fixtures. S38.387.30 

Works of Art, Paintings, etc...r 3,001.36 

Office Furniture and Fixtures. 10,780.11 


Total Equipment. 


Total Investments, 


Total Working Assets. 


Current Assets: 

Cash,....,,.,.. . $3,410.20 

Accounts Receivable: 

Members for entrance fee 3 and past dues... 9,040 60 

Advertisers... 1 ko.a 7 * 

Miscellaneous.!!.!'!!!!! 999 ] 15 

Interest Accrued—Investments, .831!25 

Interest Accrued—Bank Balances..] */ m 77,17 


Total Current Assets. 


Funds: 

Land, Building, and Endowment Fund: 

Cash.....,,,. $7,513.5*1 

Interest Accrued. 78.20 

Life Membership Fund: 

fas' 1 -'*-!. $5,431.01 

Interest Accrued. 00.00 

International Electrical Congress of St. Louis— 

Library Fund: 

Cash.,. $580 24 

New York City Bonds, 44%, 1057, Par 

$ 2 , 000.00 . 2,208.00 

Interest Accrued. 46.00 

Mailloux Fond: 

Cash...,. 05,80 

New York Telephone Company Bond, 44%, 

. 1030:*:. j . .. . 1 , 000.00 

Interest Accrued.,. 22.60 


$7,591.74 


Total Funds, 


$533,348.01 


62,174.76 


Investments: 

Bonds: 

New York City, 41%, 1017, FarSS.OOO.OO. $8,302,60 

New York City, 44%, 1057, Par $22,000.00. 23,600.00 

City of Wilmington, Delaware, 44%, 1934, Par $16,000.00 15,007.60 

Chicago, Burlington & Quincy Railroad Company, 4%, 

1968, Par $15,000.00. 14,000,26 


Working Assets: 

Publications entitled " Transactions," etc,.,, $8 074 25 

Bat te Q 3. Oll.'lfi 


10,623.08 


17,000.10 

$691,270.20 
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ELECTRICAL ENGINEERS 


April 30, 1914 


Liabilities. 

Bond nnd Mortgage—United Engineering Society—One-third 
Interest in Land, 25 to 33 West 39th Street. 


Current Liabilities; . 

Accounts Payable—Subject to Approval by the Finance 

Committee... 

Interest Accrued on Bond and Mortgage. 

Members' dues paid in advance...... .... .. y • • 

Entrance fees and dues advanced by applicants tor meniber- 

' ship... 

Total Current Liabilities. 

o 

Reserves; , 

Land, Building and Endowment Fund. 

Life Membership Fund..... 

Maillouic Fund........ • • • • y ■ y.L'' 

International Electrical Congress of St. Louis Library 
Fund... 


Total Funds....... 

Reserve for Depreciation of Furniture and Fixtures, 

Total Reserves.... 

Surplus; Per Exhibit " B ".* 


5,591.78 

720.00 

814,75 

72.00 


$7,591.74 

6,500.01 

1,118.30 

2,870.24 


17.090.10 

4,807.78 


$54,000.00 


7,108.53 


21,957.97 

008,149.79 



Total 


$001,270.29 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


Statement of Income and Profit and Loss 

'-{ 


For the Year Ended April 30, 1914 

;] 


Exhibit B. 


: | 


Revenue: 


i 


Entrance Fees. 




Dues. 




Students' Dues. 




Transfer Fees,. 




Advertising,. 




Subscriptions,.. 




Sales of" Transactionsetc. 




Badges Sold,. 




Less Cost,. 




Interest on Investments. 




Interest on Bank Balances. 




Exchange. 






: 


Total. 




Expenses: 




Meetings and Papers Committee: 

Salaries. 


j 


Binding and Mailing Proceedings,.,. 

Printing Proceedings. 




Engraving Proceedings,. 




Paper and Cover Paper. 




Envelopes. 




Stationery and Miscellaneous Printing,. 

General Expense,. 




Meetings. 




Volume No. 30 , . 




Volume No. 31 .. ...... 








Total. 




Deduct Increase in Inventory ot Publications- 
May 1 , 1913. 




April 30 , 101-1. 




Executive Department: 

Salaries. 


$ 11 , 751.87 


General Expense. 




United Engineering Society—Assessments. 

Express,. 


I 


Postage,. 




Advertising. 




Office Furniture and Fixtures. 




Stationery and Miscellaneous Printing, 

Year Book and Catalogue,. 




Interest on Bond and Mortgage. 


i 


Interest on Note Payable. 


j 


Engraving. 






34,440,54 


Forward, 


$ 70 , 201.41 

:] 


Rhvenus —(Forward). 






ll 
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Ruvenue —(Forward)..... $1 13,097.94 

Expenses—(F orward)... 70,201.41 

Sections Committed 

Section Meetings,. 83,051.32 

U ranch Meetings,.. 224.58 

Delegates Convention Expenses. 1,613.30 

Salary and Traveling Expenses, Honorary Secretary,. 4,353.78 

Salaries, New York Office. 2,268.00 

Stationery and Printing, New York Office, 674.2*2 

Express on Advance Copies,.... 61.50 12,840.82 


General : 

Library.. .. 

Indexing M Transactions,". 

International Electrotechnical Commission, 

Finance Committee,... 

Standards Committee,,. 

President's Special Appropriation. 

Annual Function...* 

Law Committee. 

International Engineering Congress, 1015,.. 
International Illumination Committee., ,. 
Membership Committee,,.. 


53,310.06 
1.832.21 
275.54 
150.00 
012.60 
228,30 f 
305.00 
500,00 
875,00 
100,00 

4,25 8,253.56 


Add: 

Increase in Accounts Payable—Subject to Approval by 
the Finance Committee, Undistributed at: 

May 1, .. 

April 30, .. 


Net Revenue, 


Total Expenses,, 


$4,335,01 

5,561.78 


1,225,87 

$98,527.06 

$15,470.28 


Profit & Loss Credits*. 

Accessions: 

Library Volumes and Fixtures. 

Works of Art,,..... 

Total,, 

Cross Surplus for the .ear. 


$3,460.94 

345.00 


3,805.94 

$19,270,22 


Profit & Loss Charges: 

Uncollectible Dues Written OH.. . . 

Reservation for Depreciation of Furniture and Fixtures. 

Total,..... 

N 1ST Surplus for the Year. 

Surplus, May 1,1013...* *" 

Surplus, April 30,.. 


$3,180.00 

1,129.83 


4,309.83 

$14,900,39 

593,183.40 

$008,140.79 
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New York, May 11, 1914. 

American institute o£ Electrical Engineers, 

33 West 39th Street, New York.' r 

Dear Sirs; 

Pursuant to engagement, wc have audited the books and accounts 
of the American Institute of Electrical Engineers for the year ended April 
30, 1914, and submit herewith our certificate and the following described 
exhibits: 

Exhibit 

"A ”—General Balance Sheet—April 30, 1014. 

B Statement of Income and Profit & Loss for the Year Ended 
April 30, 1914. 

Yours truly, 

(Signed) HASKINS & SELLS 
Certilied Public Accountants. 

CERTIFICATE 

We have audited the books and accounts of the American Institute 
of Electrical Engineers for the year ended April 30, 1914, and 

We Hereby Certify that the accompanying General Balance Sheet 
properly sets forth the financial condition of the Institute on April 30, 
1914, that the Statement of Income atid Profit & Loss for the year ended 
on that date is correct, and that the books of the Institute are in agreement 
therewith. 

(Signed) HASKINS & SELLS 
Certified Public Accountants. 

New York, 

May 11, 1914. 
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AMERICAN INSTITUTE OP ELECTRICAL ENGINEERS 
Statement of Cash Receipts and Donations for Designate Pur¬ 
poses. Also Disbursements, for the Year Ended Api.il 30,1914. 

Exhibit C. 

R 13!BuUdiu g °"ndEnd 0 wn, e nt fund-Donations, Interest, etc. ; ... *308.22 

IntermfHonaTE£ctricBi Congress of SL Louis Library Fund ponations, and fi4>18 

Interest. 45.00 

Mnilloux Fund, Interest... 6.97 

General Library Fund, Interest.... . 

. $907.26 

Total. .. 

Disbursements: $450.88 

Life Membership Fund. 284.02 

General Library Fund.*' '. 20.75 

Mnilloux Fund. 0.60 

Weaver Fund.«•••.. .>- 

Total... . " y* .’ * * * ‘ ’ —--■ 


receipts and disbursements per year per member. 

Du«n S each fiscal year for the *«****£*• „„ m3 
0400 0OS1 7117 7460 7061 


Year ending April 30, . . • . • 19 °7 
Membership. April 30, ench 
year. 


5071 


1911 

7870 


Receipts per Member..^. . . S12.21 S13.01 SI3.21 *11.03 *L2:U *15.67 12.86 

Disbursements per Membat 11.02 11.73 

Credit Balance per Member S .60 SI.28 *i.< * 

♦Deficit. 


Respectfully submitted for the Board of Directors, 

F. L. HUTCHINSON, Secretary. 

Now York, May 19, 1014. 













SYNOPTICAL AND TOPICAL 



INDEX 

OF 

A.I.E.E. TRANSACTIONS 

Vol. XXXIII, Parts I and II 


The main headings under which these synopses arc classified wore 
r rived at by a careful study of all the papers contributed since the organ.-, 
ition of the Institute, 

Th e method of making this classification may be called the automata 
lethod, since it is created by sorting the papers themselves into groups 

nd then naming the groups, ... 

Many papers fall naturally iato several different groups and in such cases 

hey arc inserted under as many different heads as it is thought they 

ightfully belong, , . 

The classified synopses arc designed Cor those searching 01 compi 

icnsivc information on any given topic, while the subject index uun- 
;ended tor those looking up specific and definite data or information. 




MAIN SECTIONS OF SYNOPTICAL INDEX 


1. Education. 

2. General Theory. 

3. Units, Measurements and Instruments. 

4. Insulation and Dielectric Phenomena. 

5. Electric Conductors. 

0. Magnetic Properties and Testing of Iron_ 

7. Batteries. 

8. Transformers. 

9. Electrical Machinery and Apparatus. 

10. Prime Movers and Steam Boilers.’ 

11. Power Plants and Central Stations. 

12. Parallel Operation. 

13. Transmission Lines. 

14. Electric Service Disturbances and. Protection 

16. Distribution Systems. 

10. Control, Regulation and Switching. 

17. Traction. 

18. Lighting and Lamps.' _ 

19. Electricity in the Army and Navy. 

20. Miscellaneous Applications of Electricity.., ! 

21 . Telephony and Telegraphy. 

22. Miscellaneous Topics and Institute Affairs.. 


Page 


3 

6 

7 

10 

.12 

12 

12 

16 

17 

18 


10 

24 

26 

28 

30 

33 

33 

34 
38 
40 



























2. GENERAL THEORY 

SOLENOIDS 

By Charles R. Underhill Vo1 ' xxxlll—1914, pp. 477-B09 

Fundamental equation for design, of solenoids and plunger magnets. 
Tables and curves giving constants for use in formulas. Characteristic 
curves of actual solenoids and plunger magnets. 

Discussion, pages 510-517, by Messrs, Charles W. Bui tows, E, R. 
CaricliofE and C. 1C Underhill. 

Equations for magnetic field of solenoids. 


SOME INVESTIGATIONS ON LIGHTNING PROTECTION FOR BUILDINGS 
L. A. Denials Vol. xxrM-1914, pp. B19-B3S 

Description of investigations conducted for a large manufacturer of 
explosives to determine upon a suitable system of lightning protection 
for. buildings containing explosives. 

An analysis by oscillograph of the secondary currents induced by 
actual lightning discharges in vertical earthed conductors. Tentative 
explanation of the phenomena generally attributed to high frequency 
oscillations by the existence of unidirectional waves of almost vertical 

front. , ..... 

An investigation of the primary effects of a 20-m. spark in air having 

the same essential characteristics as those attributed to lightning when 
applied to a model protective system consisting of isolated vertical con¬ 
ductors surrounding a small building. 

An investigation of the secondary effects produced under the above 

conditions. . , . 

Brief description of a general protective system recommended for 


explosives buildings. 

Discussion, pages 536-544, by Messrs. E. B, 
Oishausen, A. G. Webster, Elihu Thomson, W. 


F. Creighton, George R. 
J. Humphreys, Trygve 


D. Yensen and L, A. DeBlois. 

Remarks on the nature of. lightning and lightning strokes, 


SOME SIMPLE EXAMPLES OF TRANSMISSION LINE SURGES 
W. S. Franklin Vol. xxxlli-1914, pp. B45-BB9 

Analytical discussion of waves produced in transmission lines by surg¬ 
ing. The ribbon wave and practical examples of its application. 

Discussion, pages 560-669, by Messrs. J. Murray Weed, A. G, Webster 
and A. Hamilton-Ellis. 

Mathematical analysis of transmission line performance under surg¬ 
ing conditions. 

theory of the corona 

Bergen Davis ** BB °- 0O ° 

Development of a theory of corona, the laws of which are based upon 
known principles of the motions of ions and ionization by impact. 

3 


4 


SYNOPTICAL INDEX 


_ Discussion, ■ pages C07-617, by Messrs. J. B. Whitehead, Harris J. 
Ryau, Edward Bennett, Alex. Chernyshoff, F. W. Peek, Jr. and Bergen 
Davis, 

Influence of electric field upon the molecules in decreasing the energy 
required for ionization. Manner in which Peek’s law of visual corona 
was derived, 


_ w j™ SPHERE AS A MEANS OF MEASURING HIGH VOLTAGE 

P ’ ’ Vol. xxxiii—1914, pp. 923-949 

Disadvantages of needle gap and advantages of sphere gap, in the 
measurement of high voltage. Deduction of laws for sphere gap with 
variations in air density. Equations for calculating sphere gap spark- 
over curves for various spacings, radii, air density, etc. Standard 
measured curves for convenient sizes of spheres at sea level with table 
for applying curves to any altitude. Discussion of effect of high fre¬ 
quency and impulse voltages. Precautions necessary in high voltage 
measurements with test results. 

Discussion incorporated with that of paper by J. Cameron Clark and 
Hams J, Ryan on " Sphere Gap Discharge Voltages at High Frequencies." 

THE ELECTRIC STRENGTH OF AIR—V, 

The Influence of Frequency 

J. B. Whitehead and W. S. Gorton Vol. xxxlil-1914, pp. 9S1-972 

Description of apparatus and method of testing, and'investigation 
ot the influence of frequency on corona.between 00 ancl 3000 cycles. De¬ 
velopment of simple method of measuring maximum alternating e.m.f. 
Experimental evidence of resonance phenomena in high-tension circuits. 

Discussion incorporated with that of paper by J. Cameron Clark and 
Hauls J. Ryan on ' Sphere Gap Discharge Voltage at High Frequencies." 

SPHERE GAP DISCHARGE VOLTAGES AT HIGH FREQUENCIES 
J. Cameron Clark and Harria J. Ryan Vol. xxxlii-1914, pp, 973-987 

Description of a series of experiments made to determine the values 
of steady high-frequency, high-voltage currents required to discharge 
between seven-inch copper spheres in air, at ordinary temperatures and 
barometric pressures. 

Discussion (including that of papers by F. W. Peek, Jr. and J. B. 

V hitehead and W. S. Gorton), pages 988-1011, by Messrs. L. W. Chubb, 

F. C. Caldwell, D. M. Mahood, Charles Fortescue, D. D. Ewing, E E 

P. Creighton H B Dwight, W. W. Lewis, E. P. Peek, J. R, Craighead! 

1 ’ 1 W w Pe0k ’ T Jr " John B ’ Whltehea cl, M. G. Lloyd, W. B. Kouwenlioven 
and Harris J. Ryan. 

General discussion of methods and precautions in measuring extremely 
High e.m.fs. Description of experiments with conductor near absolute 
zero of temperature, showing electrical resistance to be practically zero. 

Stanley P. FarweH C ° R ° NA PR ° DUCED BY CONTINUOUS POTENTIALS 

. Vol. xxxiii—1914, pp. 1031-1666 

Experimental investigation of the corona around small wires as pro- 
duced by continuous potentials up to 15,000 volts, obtained from a 
series of 500-volt generators. 

The wire and coaxial cylinder method was employed for a number of 
experiments. Critical voltages and characteristic potential difference 
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and current curves for different sized wires. The effect of pressure upon 
appearance of corona, critical voltage, and current. Characteristic 
curves of the effect of varying pressure, moisture and temperature. 

Discussion, pages 11)67-1671, by Messrs, L. W. Chubb, A.E. KenncUy, 
p, jvi. Lincoln, Max von Recklinghausen, L. T. Robinson, Selby Haar, 

F. W. Peek, Jr., A. E. Kennelly and S. P. Farwell. 

Comparison of a-c. with d-c. corona losses. 

3. MEASUREMENTS AND INSTRUMENTS 

RECORDING DEVICES 

Charles P. Steinnictz pa IBMN 

Fundamental types of automatic recorders. Demonstration by practi¬ 
cal examples of usefulness of automatic recorders in operation of electric 
systems. Use of mftlti-reeorder. 

No discussion. 

TRAFFIC STUDIES IN AUTOMATIC-SWITCHBOARD TELEPHONE 
SYSTEMS 

W. Leo Campbell Vol ‘ PP ' 3 ° S ' 318 

Methods of observing traffic. Description of traffic-recording machine. 
Relative efficiency of trunk groups as shown by traffic recorder. Stu y 
of loads and determination of grouping of trunks. Charts and equations. 

Discussion incorporated with that of paper by M. H, app on 
Comparison of the Telegraph with the Telephone as a Means of Com- 
munication in Steam Railroad Operation. 

A MILLIAMPERE CURRENT TRANSFORMER 
Edward Bennett Voh "V"' 

The drawing and specification for a transformer for use with oscillo¬ 
graph for measuring current of a single insulator or a few feet of high- 

tension transmission line. . . (T 

The transformer relations are discussed; the methods of determining 
the transformer constants are outlined and the performance of trans¬ 
formers constructed in accordance with the specifications is determined. 

A series of oscillograms is given to illustrate some of the applications 
of the transformer, such as to the study of corona, high-tension insulators, 

and leakage currents in evacuated lamps. ' . , , 

Discussion, pages 586-688, by Messrs. J. U. Whitehead, J. R. Craighead 

and Edward Bennett. 

Criticisms of paper. 

METHODS OF KEEPING DOWN PEAKS ON POWER PURCHASED ON A PEAK 

BASIS 

T E Tynos Vol. xxxiii—1911, PP- 807-802 

Brief statement of two general ways of reducing peaks followed by 
description of a special peak-taking device. , 

Discussion, pages 893-808, by Messrs. Rudolph 1 ' J „ 

M. Lincoln, J. Lester Woodbridge, J. R. Bibbins, R. H. McLain, D. . 

Dreyfus and T. E. Tynes. . , 

General remarks on automatic peak absorption. Discussion of the 
economic expediency of absorbing peaks as against straight purchase ot 

energy. 
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THE SPHERE GAP AS A MEANS OF MEASURING HIGH VOLTAGE 
F. TV. Peek, Jr. Vol. xxxiii—1914, pp. 928-949 

Disadvantages of needle gap and advantages of sphere gap, in the 
measurement of high voltage. Deduction of laws for sphere gap with 
variations in air density. Equations for calculating sphere gap spark- 
over curves for various spacings, radii, air density, etc, Standard meas¬ 
ured curves for convenient sizes of spheres at sea level with table for 
applying curves to any altitude. Discussion of effect of high frequency 
and impulse voltages. Precautions necessary in high voltage measure¬ 
ments with test results. 

Discussion incorporated with that of paper by J. Cameron Clark and 
Harris J. Ryan on M Sphere Gap Discharge Voltages at High Frequencies.” 

THE ELECTRIC STRENGTH OF AIR—V 
The Influence of Frequency r 

J. B. Whitehead and W. S. Gorton Vol. xxxlll—1014, pp. 051-072 

Description of apparatus and method of testing, and investigation 
of the influence of frequency on corona between GO and 3000 cycles. 
Development of simple method of measuring maximum alternating e. m. f. 
Experimental evidence of resonance phenomena in high-tension circuits. 

Discussion incorporated with that of paper by J. Cameron Clark and 
Harris J. Ryan on 11 Sphere Gap Discharge Voltage at High Frequencies." 

SPHERE GAP DISCHARGE VOLTAGES AT HIGH FREQUENCIES 
J. Cameron Clark and Harris J, Ryan Vol. xxxili—1914, pp. 975-987 

Description of a series of experiments made to determine the values 
of steady high-frequency, high-voltage currents required to discharge 
between seven-inch copper spheres in air, at ordinary temperatures and 
barometric pressures, 

' Discussion (including that of papers by F. W. Peek, Jr. and J. B. White- 
head and W. S. Gorton), pages 088-1011, by Messrs, L. W. Chubb, F. C. 
Caldwell, D. M. Mahood, Charles Fortescue, D. D. Ewing, E. E. F. 
Creighton, H. B. Dwight, W, W. Lewis, E. P. Peck, J, R. Craighead, F. 
W. Peek, Jr., John B, Whitehead, M. G. Lloyd, W, B, ICouwenhoven and 
Harris J. Ryan, 

General discussion of methods and precautions in measuring extremely 
high e. in. fs. Description of experiments with conductor near absolute 
zero of temperature, showing electrical resistance to be practically zero. 

VOLTAGE TESTING OF CABLES 

W. I. .Middleton and Chester L. Dawes Vol, xxxili—1914, pp, 1185-1206 

Analysis of e. m. f. stresses in insulation. Tests that must be made, 
followed by description of new type of oscillating voltmeter for measuring 
peak values. 

Discussion, pages 1207-1215, by Messrs. W. A. Del Mar, C. 0. Mailloux, 
Henry G. Stott, E. E. "F, Creighton, Charles L. Fortescue, Percy H. 
Thomas, J. R. Craighead, W. I. Middleton, and Chester L. Dawes. 

General remarks on voltage testing of cables—what voltage, what 
sources. Cause of third harmonic disturbances and effect of peak e. m. f. 

GRAPHIC METHOD FOR SPEED-TIME AND DISTANCE-TIME CURVES 
E. C. Woodruff Vol. xxxili—1914, pp. 1673-1876 

_ Description of a simple method for obtaining speed-time and distance¬ 
time curves which avoids the usual step-by-step process, 
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Discussion, pages 1677-1719, by Messrs. Selby Haar, C. O. 

N. W. AkimofE, P. Castiglioni, F. E. Wynne, N. W. Storer, E. C. Woodruff 
and D. D. Ewing. 

R<5sumd of the Mailloux method of calculating and plotting speed-time 
curves and comparison with the author’s method. Equation for practical 
motor acceleration curves. Use of speed-distance curve for finding cut¬ 
ting off point. Use of slide rule for motor characteristic curves in speed¬ 
time curve calculations and determination of the capacity of railway 
motors. Castiglioni method compared with Mailloux method of speed- 
time calculations. 

4. INSULATION AND DIELECTRIC PHENOMENA 

PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 
Report of Sub-Committee on Transmission 

Introduction by P. W. Sothraan, Chairman Vol. jraxili—1914,1>P. 0B- 

Outline of leading problems in building and operating high-tension 
lines Selection of materials and equipment, Factors that enter into 
the design of the line structure. Extracts from reports of experience from 
various companies operating high-tension lines, with special reference to 

Ul APPENDIX I, pages 119-122. Deterioration of Porcelain Insulators 
in Service, by J. A. Brundige. Causes of molecular fatigue and methods 

of detection. . , T . , . 

APPENDIX II, pages 123-124, Radius of Influence of a Direct Light¬ 
ning Stroke, by L, C. Nicholson. _ 

APPENDIX III, pages 124-127. Transmission Line'Problems in the 
West by P, M. Downing. Brief notes on experience in operation. 

APPENDIX IV, pages 127-129. Switching, by G. Faccioli. Effect of 
switching in producing oscillations. 

PRACTICAL OPERATION OF SUSPENSION INSULATORS 

H, W. Buck VoU I»P. 131-187 

Brief review of difficulties experienced in operation of suspension in¬ 
sulators on transmission lines. Wind pressure and sleet loads. Cal¬ 
culation and design of lines to meet stresses. , . 

Discussion (including that of paper by P. W. Sothman), pages 138- 
1S4, by Messrs. II. W. Buck, F. W. Peek, Jr., Charles E. Waddell, Percy 
II, Thomas, R. J. McClelland, V. ICarapetoff, P. M. Lincoln, Farley 
Osgood, J. A. Sandford, Jr„ E. R. Albrecht, William L. Puffer, Ernest 
V. Pannell, Julian C. Smith, E, A. Lot, C. O. Mailloux, E. M. Hewlett, 

H. W. Buck and K. C. Randall. , 

General remarks on transmission line construction and opcialioi. 
Insulation theory and insulator troubles. Tower specifications. Choice 
of conductor and method of stringing. Deterioration of porcelain, 
Insulator design. 

theory of the corona 

_ , Vol. xxxili—1914, pp. BB9-B0B 

Bergen Davis 

Development of a theory of corona, the laws of which arc based upon 
known principles of the motions of ions and ionization by impact. 

Discussion, pages 007-017, by Messrs. J. B. Whitehead, Harris J 
Ryan, Edward Bennett, Alex. Chernyshoff, F. W. Peek, Jr. and Bergen 

Davis. 
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Influence of electric Held upon the molecules in decreasing the energy 
required for ionization. Manner in which Peek's law of visual corona 
was derived. 

INFLUENCE OF TRANSFORMER CONNECTIONS ON OPERATION 
Louis F. Blums Vol. xxxili—1914, pp, 788-763 

Discussion of relative advantages and disadvantages in operation of 
the more important three-phase transformer connections. Three con¬ 
ditions of operation are given: First, normal; second, operation of a 
bank with one phase disabled; third, effect of line grounds on operation. 
Analysis of insulation stresses at relatively low frequencies to which 
transformers are subject in either normal or abnormal conditions of 
operation. These frequencies include the fundamental or generated 
frequency and its harmonics and the natural frequency of the system. 
The behavior of three-phase auto-transformers under the various con¬ 
ditions of operation is also analyzed. 

Discussion, incorporated with that of paper by J. P. Jollyman, P. 
M. Downing and F. G. Baum on " Experience of the Pacific Gas and 
Electric Co. with the Grounded Neutral." 

THE ELECTRIC STRENGTH OF AIR—V 
The Influence of Frequency 

J. B. Whitehead and W. S. Gorton Vol. xxxlii—1914, pp. 981-072 

Deseiiption of apparatus and method of testing, and investigation 
of the influence of frequency on corona between 60 and 3000 cycles. 
Development of simple method of measuring maximum alternating e.m.f. 
Experimental evidence of resonance phenomena in high-tension circuits. 

Discussion incorporated with that of paper by J. Cameron Clark 
and Harris J. Ryan on “ Sphere Gap Discharge Voltage at High Fre¬ 
quencies.” 

SPHERE GAP DISCHARGE VOLTAGES AT HIGH FREQUENCIES 
J. Cameron Clark and Harris J. Ryan Vol. xxxili—-1914, pp. 973-987 

Description of a series of experiments made to determine the values 
of steady high-frequency, high-voltage currents required to discharge 
between seven-inch copper spheres in air, at ordinary temperatures 
and barometric pressures. 

Discussion (including that of papers by F. W. Peek, Jr. and J. B. 
Whitehead and W. S. Gorton), pages 988-1011, by Messrs. L. W. Chubb! 
F. C. Caldwell, D. M. Mahoorl, Charles Fortescuc, D, D. Ewing, E. 
E, F. Creighton, H. B. Dwight, W. W. Lewis, E, P. Pock, J. R, Craig¬ 
head, F. W. Pock, Jr., John B. Whitehead, M. G. Lloyd, W. B. Kouwen- 
hoven and Harris J. Ryan. 

General discussion of methods and precautions in measuring extremely 
high e,m.fs. Description of experiments with conductor near absolute 
zero of temperature, showing electrical resistance to be practically zero. 

PROVISIONAL SPECIFICATION FOR INSULATOR TESTING 
Covering Inspection and Tests of High-Tension Line Insulators of Porcelain, for ovor 

28,000 Volts 

Vol. xxxili—1914, pp. 1107-1119 

Discussion, pages 1120-1132, by Messrs. Percy H. Thomas, E. E. F, 
Creighton, Edward Bennett, E. M. Hewlett, Farley Osgood, S. C. Lind¬ 
say, John B. Fisken, F. W. Peek, Jr., and William B. Jackson. 

General remarks on scope and character of the specifications. 
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VOLTAGE TESTING OF CABLES 

W. I. Middleton and Cheater L. Dawes Vol. xsxili—1014, pp. 1185-1306 

Analysis o£ c.m.f. stresses in insulation. Tests that must be made, 
followed by description of now type of oscillating voltmeter for measur¬ 
ing peak values, 

Discussion, pages 1207-1215, by Messrs. W, A. Del Mar, C. 0. Mad- 
loux, Henry G, Scott, E. E, F. Creighton, Charles L. Fortescue, Percy 
IT. Thomas, J. R. Craighead, W. I. Middleton and Chester L, Dawes. 

General remarks on voltage testing of cables—what voltage, what 
sources. Cause of third-harmonic disturbances and effect of peak e.m.f. 


ECONOMY IN THE OPERATION OF 66,000-VOLT INSULATORS 
M. T. Crawford Voi, xxxili—1914, pp. 1439-1434 

Brief outline of the operating experiences on three 55,000-volt lines, 
two of which lmve < "been in service 10 years and one 5 years, covering 
the progress of insulator construction. A device is described by means 
of which defective insulators can be readily detected in the very early 
stages of deterioration. 

Discussion, pages 1435-14*10, by Messrs. J. Harisberger, M. H, Gerry, 
Jr.', V. II. Greissor, A. A. Miller, H. R. Noack, T. R. Cornick, P. M. 
Lincoln, L. T. Merwin, L. J. Corbett, Ralph W. Pope and E. Woodbury. 

Experience in the operation of high-tension insulators. 


THE CORONA PRODUCED BY CONTINUOUS POTENTIALS 
Stanley P. Fnrwoll Vol. xxxlll-1914, pp. 1631-1666 

Experimental investigation of the corona around small wires as pro¬ 
duced by continuous potentials up to 15,000 volts, obtained from a 
scries of 500-volt generators. 

The wire and coaxial cylinder method was employed for a number ot 
experiments. Critical voltages and characteristic potential difference 
and current curves for different sized wives. The effect of pressure upon 
appearance of corona, critical voltage, and current, Characteristic 
curves of the effect of varying pressure, moisture and temperature. 

Discussion, pages 1007-1071, by Messrs. L. W. Chubb, A. E. Kennedy, 
P. M. Lincoln, Max von Recklinghausen, L. T. Robinson, Selby Haa , 

E, W. Peek, Jr,, A. E. Kennedy, and S. P. Fanvell. 

Comparison of a-c. with d-e. corona losses. 

EFFECT OF ALTITUDE ON THE SPARK-OVER VOLTAGES OF BUSHINGS, LEADS 

AND INSULATORS 

F. W. Poole, Jr. ' , 

Investigation of the effect of altitude and temperature on the surface 

apart-over of leads and insulators. Correction factors for various stand¬ 
ard tv lies. Data tabulated and plotted. „ T 

Discussion incorporated with that of paper by A. O.. Austin on 
sulator Depreciation and Effect on Operation. 

insulator depreciation and b-ctonopbratt™ im . 1731 
probable depreciation of insulatois, 
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Discussion (including that of paper by F. W. Peek, Jr.), pages 1746- 
1766, by Messrs. Harvey L. Curtis, D. B. Rushmore, E, D. Eby, P, 
W. Sothman, Selby Haar, Charles P. Steinmetz, E. E. P. Creighton, 
Farley Osgood, P. W. Peek, Jr., Edward J. Cheney, II. H. Sticht, H. 
H. Schneider and R. P, Jackson. 

Investigation of surface resistance of various materials with quanti¬ 
tative results plotted as curves. Genera! remarks on line insulators 
and tests for location of faulty oijes. 


SPECIFICATION AND ANALYTICAL PROCEDURE FOR SO PER CENT HEVEA 
RUBBER INSULATING COMPOUND 

Report of the Joint Rubber Insulation Committee Appointed by a Group of Manufacturers 
and Users of Rubber Compounds, 1911-1014 

Vol. xxxiii—1014, pp. 1707-1788 

Part I—General Report. ' , 

Part II—Analytical Procedure 
Part III—Explanation of Procedure. 

Part IV—Specification. 

Part V—Explanation of Specification. 


5. ELECTRIC CONDUCTORS 

PRACTICAL OPERATION OF SUSPENSION INSULATORS 
H. W. Buck Voi. xxxiii—1914, pp. 181-137 

Brief review of difficulties experienced in operation of suspension- 
insulators on transmission lines. Wind pressure and sleet loads. Cal¬ 
culation and design of lines to meet stresses. 

Discussion (including that of paper by P. W. Sothman), pages 138- 
154, by Messrs. H. W. Buck, P. W. Peek, Jr., Charles E. Waddell, Percy 
H. Thomas, R. J, McClelland, V. ICarapetoff, P. M. Lincoln, Farley 
Osgood, J. A, Sandford, Jr., E. R. Albrecht, William L. Puffer, Ernest 
V. Panned, Julian C, Smith, E. A, Lof, C. 0. Mailloux, E. M. Hewlett. 
H. W. Buck and K, C. Randall. 

General remarks on transmission line construction and operation. 
Insulation theory and insulator troubles. Tower specifications. Choice 
of conductor and method of stringing, Deterioration of porcelain. 
Insulator design. 

DISTRIBUTION OF ELECTRICAL ENERGY 
Report of Sub-Committee on Distribution 

P. Jutikersfeld, Chairman Vol . xxxiii _ 19Ui pp> 211 _ 217 

Geneial remarks on desirability of few large substations compared 
with many small ones. Bibliography of distribution for light, power and 
railways. Cables and underground construction. 

APPENDIX I, pages 217-222. Three-Wire D.C. Distribution, by 
Philip Torchio. Brief review of practice. 

APPENDIX II, pages 222-235. Alternating-Current Distribution, by 
H, B. Gear, Brief outline of practice for distribution of electric energy 
in bulk and also for general use. Typical circuits and networks. De¬ 
mand factors. Advice for selection of apparatus for substations and 
distribution systems. 

P a £ es 236-240. Effect of Consumers' Apparatus and 
Wiring on Distribution, by H, Goodwin. Rules for governing con¬ 
sumers' load characteristics. 
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APPENDIX IV, pages 240-251. Direct-Current Distribution for Sur¬ 
face Railways—Urban Service, by R. H. Rice. General analytical dis¬ 
cussion of the system including substations, feeders, working con¬ 
ductors and return. . , T . . 

APPENDIX V, pages 251-250. Direct-Current Distribution foi Under¬ 
ground and Elevated Railways, by E. J. Blair. Working or contact 
conductor layout for different types of systems in actual use with special 
regard to feeding points and sectionalization. 

APPENDIX VI, pages 269-201. Direct-Current Distribution for Inter- 
urban and Steam Railroads, by W. G. Carlton. Brief notes on various 

types and word about choice of working e.m.f. 

APPENDIX VII, pages 261-262. A-C. Distribution for Interurban and 
Steam Railroads, by W. S. Murray. Recommendation of single-phase 

overhead construcMon. , 

APPENDIX VIIR pages 262-266. The Relation of Distribution Piob- 

lems and Switching Apparatus, by E. B. Merriam. Brief discussion 
of factors most affected by switching, such as reliability of service, pro¬ 
tection of system from disturbances, and safety of operators. 

APPENDIX IX, pages 206-269. Distribution for Street Lighting bci- 
vice, by Paul M. Lincoln, Advantages of constant-current series system 

°* pages 270-282, by Messrs. H. L. Walhiu, Philip Torchio, 

S. D. Sprong, D. W. Roper, E. M. Hewlett, H. R. Sumraerliayes, John 
B. Taylor, E. W, Trafford, J. T. Kelly, Jr., John Murphy, H. B. Geai 

""oencrl^ren'mi-ks on operation of distribution circuits and experience 
with control, protective and switching apparatus of various types. 

ENGINEERING DATA REEATING TO HIGH-TENSION TRANSMISSION SYSTEMS 
Sub-Committee Report Prepared by the pp . 101S _ 10 89 

' Introduction. Classified list of power companies reporting and brief 
outline of scope of each report. Typical classification of information 
received by the committee. Drawings and tables for transmission line 

“Sri pages 1090-1105, by Messrs. John B. Fisken Percy H. 
Thomas, S. C Lindsay, Ernest V, Panncll, E. E. F Creighton, F. W. 
Peek Jr., R. Fleming, II. H. Norton, M. von Recklinghausen, D. D. 
Ewing R. E, Argersinger, E. A, Lof and Selby Haar. 

Explanation of cause of deterioration of high-tension conductors. 
Operation of reverse power relays. European high-tension practice. 
Comprehensive list of references to high-tension engineering aitides, 
periodicals of the world, 

VOLTAGE TESTING OF CABLES 

v _ Vol xxxiii-—1914, pp» 118B-120G 

W71. Middleton nnd Chester L. Dawes ‘ « 

Analysis of e.m.f. stresses in insulation, Tests that must be mace, 

followed by description of new type of oscillating voltmeter for measu - 

ing peak values. Messrs W. A. Del Mar, C. 0. Mailtoux, 

hITSS " c'5h“ « Ch«to X. Fottescue, Petcy H. 

J E cSgW, W. I 8 Middleton nod Chester L. D.wcs. 
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General remarks on voltage testing of cables—what voltage, what 
sources, Cause of third-harmonic disturbances and effect of peak, e.m.f, 

A DISTRIBUTION SYSTEM FOR POWER PURPOSES 
K. D. Nims Vol. XXK |Jj—1914, pp, 1290-1304 

Description of the distribution system of the Western Canada Power 
Company, Limited, touching on the overhead and underground systems 
in general. Advantages obtained by duplicating lines, both for elim¬ 
inating outages and from a financial standpoint. Also the advantages 
obtained by using a steel-taped lead-armored cable placed directly in 
the ground, figures showing the exact cost of such an installation being 
given, 

Discussion, pages 1305-1313, by Messrs. J. B. Fisken, P, M. Lincoln, 

F. L. Rohrbach, C. S. MacCalla, H. V. Carpenter, ^Edward Woodbury, 

G. B. Rosenblatt, John Harisberger, L. J, Corbett, Paul Lcbcnbaum, 
M. T. Crawford and F. D, Nims. 

Experience with underground cables without ducts. 


6. MAGNETIC PROPERTIES AND TESTING OE IRON 

MAGNETIC AND OTHER PROPERTIES OF ELECTROLYTIC IRON MELTED IN 

VACUO 

Trygve D. Yonsen Vol, XXX H1—1014, pp, 491-475 

Biief mention of early work done in the study of magnetic properties 
of iron and iron alloys. Description of the construction of vacuum fur¬ 
nace for melting iron and permeameter for testing short bars, Account 
of methods of preparing specimens and testing their magnetic properties. 
Effect of heat treatment on magnetic properties shown by curves and 
tables. Discussion of equilibrium diagram of iron-carbon alloys with 
special reference to magnetic properties. 

No discussion. 

7. BATTERIES 


SELF-CONTAINED PORTABLE ELECTRIC MINE LAMPS 
H. 0. Swoboda Voli xxxili _ 10U- w 305-390 

General requirements of safety lamp for mines. Description of con¬ 
struction of groups of prize-winning electric lead storage battery safety 
lamps. Method of caring for lamps and batteries. Cost of operation. 

Discussion, pages 397-401, by Messrs. PI. PI. Clark, PI. IP. Smith R. C 
Burrows, and PI. O. Swoboda. 

Advantages of the alkaline battery. 


8. TRANSFORMERS 

„ , T OUTDOOR SUBSTATIONS IN NEW ENGLAND 

Fred L, Hunt » , Mt .... 

Vol. xxxIH—1914, pp, 65-00 

Brief description and discussion of two substations of the Amherst 
Power Company, giving the basis of choice between the outdoor and 
indoor stations. Care of transformers and oil switchers in freezing 
weather, 

-, Mmirion incorporated with that of paper by Leslie L. Perry on " Out¬ 
door Substations in the Middle West." . 
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A MILLIAMPERE CURRENT TRANSFORMER 
Edward Bonnett Vol. xxxiii—1914, pp. 671-686 

The drawing and specification for a transformer for use with oscillograph 
for measuring current of a single insulator or a few feet of high-tension 
transmission line. 

The transformer relations are discussed; the methods of determining 
the transformer constants are outlined and the performance of trans¬ 
formers constructed in accordance with the specifications is determined, 

A series of oscillograms is given to illustrate some of the applications 
of the transformer, such as to the study of corona, high-tension insulators, 
and leakage currents in evacuated lamps. 

Discussion, pages 58(1-588, by Messrs. ]. B. Whitehead, J. R. Craighead 
and Edward Bennett, 

Criticisms of pap^r. 

EXPERIENCE WITH LINE TRANSFORMERS 
D. W. Roper Vol. xxxlli—1914, pp. 686-097 

Analysis of the transformer troubles for one year on a system having 
nearly 15,000 transformers installed. Curves showing the record of 
burnouts of four different makes of transformers are used as a basis fora 
discussion of effect of the value placed on continuous service in the selec¬ 
tion of transformer. The results of experiment with improved lightning 
protection are given, showing how the troubles were reduced. 

Discussion, pages (198-710, by Messrs. W. S. Moody, A, D. Fishel H. 

. W. I-Iough, Paul M. Lincoln, Joseph Franz, M. 0. Troy, E. E. F. Creighton 
H. H. Alverson, W. L. Granger, W. J. Wooldridge and D. W. Roper. 

General remarks on design, operation and protection of transformer 
installations. 


INHERENT VOLTAGE RELATIONS IN Y AND DELTA CONNECTIONS 
Royal W. Sorenson and Walter L. Nowton Vol. xxxlll-1014, pp. 711-727 

Results of experiments made with a miniature simple transmission 
system to demonstrate the inherent voltage relations with different 
combinations of Y and delta connections, all inductive and capacity 
effects in the transmission line being eliminated. The tests were made 
under constant conditions, with non-inductive load, 

The authors give the results of four groups of tests, on our different 
systems of connections, pointing out the advantages and ^^dvantages 
of the several systems. In each case tests were made without load, with 
balanced load, and with load on one phase only, for various co " dlt ' ons ° 
grounding. Typical voltage diagrams are given, to show what happens 

under various conditions of toad. 

Certain cases where the use of auto-transformers is advantageous, an 
the effects of different ways of connecting them, are discussed, 

Bhm** w mm by H-n. Wald.. V. « 

and Harold Pander, P. W. Peek, Jr., Lou„ P. Blnme, Ik C. Breen, . 
Fortescue P. M. Lincoln, J. M. Weed and D. C, Jackson. 

General remarks on the third harmonic in transformer operation, 
influence of transformer connections^on operation 

L “I of relative advantages and disadvantages in operaUon of 
the more important three-phase transformer connections. Ihiee 
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ditions of operation are given: First, normal; second, operation of a bank 
with one phase disabled; third, effect of line grounds on operation. Analy¬ 
sis of insulation stresses at relatively low frequencies to which transformers 
are subject in either normal or abnormal conditions of operation. These 
frequencies include the fundamental or generated frequency and its 
harmonics and the natural frequency of the system, The behavior of 
three-phase auto-transformers under the various conditions of operation 
is also analyzed, 

Discussion incorporated with that of paper by J. P. Jollyman, P. M. 
Downing and F. G. Baum on " Experience of the Pacific Gas and Electric 
Co. with the Grounded Neutral.” 

A STUDY OF SOME THREE-PHASE SYSTEMS 
Charles Fortescue Vo!, xxxlll—1914, pp. 7BS-766 

Discussion of the star-star, delta-delta, delta-star r and star-delta con¬ 
nections in order and their individual peculiarities and characteristics, 
precautions that must be taken in operation to avoid trouble, and where 
and when the system may be grounded with best results, 

Discussion incorporated with that of paper by J. P. Jollyman, P. M. 
Downing and F. G. Baum on " Experience of the Pacific Gas and Electric 
Co, with the Grounded Neutral,” 

EXPERIENCE OF PACIFIC GAS AND ELECTRIC CO. WITH THE GROUNDED 

NEUTRAL 

J. P. Jollyman, P. M. Downing and F. G. Baum Vol, xxxlil—1914, pp, 767-772 

Outline of the distributing system of the Pacific Gas and Electric 
Company of California which operates at GO lev., the transformers being 
Y-connected, with the neutrals solidly grounded. 

Discussion (including that of papers by Louis F. Blume and Charles 
Fortescue), pages 773-802, by Messrs. Guido Semenza, F. F. Brand, 
W. W. Lewis, V. M. Montsinger, C. M. Davis, L, F. Blume, II, S, Osborne, 
P. E. Haskell, H. S. Osborne, C. 0. Mailloux, E, E, F. Creighton, John 
B, Taylor, F. C. Green, P, M, Lincoln, D, W. Roper, F. W. Peek, Jr,, 
J, R. Werth, C, L. Fortescue and Max II. Collbohm, 

Summary of transformer connection practice in Italy. Classification 
of high tension transmission systems of the world on basis of star and 
delta. Operating results of six great transmission systems. Results 
of tests on effect of capacity and inductance upon third harmonies in 
star auto-transformers. Comparison of star and delta from point of 
view of telephone disturbances. The problem of insulating transmission 
lines. 

THE EFFECT OF DELTA AND STAR CONNECTIONS UPON TRANSFORMER WAVE 

FORMS 

Leslie F. Curlis Vol. xxxlit—1914, pp. 1273-1277 

Tests with the oscillograph to show the distortions in the no-load 
exciting current and voltage waves of three single-phase step-up trans¬ 
formers when the windings of the generator and both sides of the trans¬ 
formers were connected in all possible symmetrical delta and star re¬ 
lations. 

Oscillograms are given in each case and the relations between the flux, 
voltage, exciting current, and the hysteresis cycle are shown in two 
instances, 
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Discussion, pages 1278-1282, by Messrs P. M. Lincoln L. J. CM 
A. A. Miller, E. G. Robinson, Jr., M. H f ‘ 

Livingston P. Perris, H. V. Carpenter and L. F. Cu.tis. 

General remarks on transformer construction. 

9. ELECTRICAL MACHINERY AND APPARATUS 

SIXTY-CYCLE SYNCHRONOUS CO ™™_ m4 _ pp . 3S3 -36 S 

L ^rr choice of synchronous converter- for sixty-cycle operation. 
Extracts from purchasers' contract and specifications. 

No discussion. 

the development op the electric 

°EV„“„ c. CO.; mine l.c.Motivc .10. <E 

lubrication and bearing construction. Design data po 

tendency of future development. Miller, C. W. Beers, 

Discussion, pages 415-429, by Mess L , j, 

Car. J. E. Waxbom Graham BnJJ, P. • £ | and N. W. 

Ilsley, W. A. Thomas, G. U. snapu-i, ^. 

S “Jo.c..l remarks oil eo„.tn,etk,„.l fesfnre. of '“"‘"S.oe wtS 
on costs, repairs and troubles from actual experience. Expeuence wit 

ball bearings, MINE substations 

Motor-Generator Soto vs. Synchronous ^Convert 

jSssr^=rcsr==3S*s 

and performance on mine loads. -Rnnker on “ Mine 

Discussion incorporated with that of paper by II. Booket 
Substations—Their Construction and Operation. 

mine sun stations 

Their Construction and Operation^ xx]eUl _ lsl4) pp , 430-444 

H Bri^f” practical discussion^ iSctata'‘S of 

substations and'faultfin the organization of 

M H..n, 

o“ convlit® fn min... Load ol..,.c.e,i. 0 c of rn.no., 

SOLENOIDS V oi, xxxlll—1914, pp. 47T-B09 

Fun da m enTal'' equation for design of 
Tables and curves giving constants foi use in 

curves of actual solenoids and plunger ™agne - arrows, E. R. 

Discussion, pages 510-517, by Messrs. Charles W. Burrow 

Carichoff, and C. R. Underhill. 

Equations for magnetic field of solenoids. 
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THE FUTURE OF ELECTRIC HEATING AND COOKING IN MARINE SERVICE 
H. J. Maugor Vol. xxxlli—1914, pp. 859-068 

General remarks on use and future of electric cooking on board ship. 
Brief description of equipment of Battleship Texas and results of tests 
of power consumption. Advantages of electric cooking and heating. 

Discussion, pages 669-672, by Messrs. W. S. Hadaway, E. F. Dutton, 
H. J. Manger and Frank T. Leilich. 

Disadvantages of electric cooking on board ship. Difficulties of 
building resistors for high surface temperatures. 

RELATIVE MERITS OF Y AND DELTA CONNECTION FOR ALTERNATORS 
T. S. Eden Vol. xxxlli—1914, pp. 803-806 

Brief statement of advantages and disadvantages of each system. 

Discussion incorporated with that of paper by Cassius M. Davis on 
“ Delta and Y Connections for Railway Transmission and Distribution,” 

ELECTRIC HEATING AS APPLIED TO MARINE SERVICE 
C, S. McDowell and D. M. Mahood Vol. xxxiji—1914, pp. 839-850 

A comparison of convector and radiant heaters, the proper use of 
each type being shown, for space heating on shipboard with metal decks 
and bulkheads. 

Curves showing results obtained on tests to determine the best type 
of heater for shipboard and desirable features of heater arc indicated. 

Discussion , pages 851-855, by Messrs. W. S. Hadaway, Jr., Alfred E. 
Waller, Charles D. ICnight, D, B. Rushmore, F. C. Caldwell, D. M. 
Maliood and II. A. Hurnor. 

Results of electric heating tests at the University of Nebraska. Rela¬ 
tive merits of open-coil and enclosed heater units. 


THE ELECTRICALLY DRIVEN GYROSCOPE IN MARINE WORK 
H> C - Ford Vol. xxxlll—1914, pp. 857-871 

Definition of gyroscope and brief statement of practical uses to which 
it has been put: 

^ A general description of the gyro-compass as adopted by the United 
States Navy for use on all the battleships and submarine vessels, and of 
the many electrical and mechanical devices that have been developed 
by E, A, bpeny to perform the various functions whereby an instrument 
of great precision has been secured. 

Brief mention of large gyroscopes which are capable of counteracting 
enormous wave forces and completely stabilizing any ship against rol- ■ 
ling in the heaviest seas, 

Discussion, page 872, by Messrs. Alfred E. Waller and H. C. Ford. 

Remarks on stabilizing action of gyroscope. 


DIRECT-CURRENT MOTORS FOR COAL AND ORE BRIDGES 
R. H. McLain Vol. xxxill—1914, pp. 878-884 

Brief description of the mechanical arrangement of a coal bridge. 
Performance characteristic curves and discussion of type of motors 
suited to the work and the proper methods of gearing the motor for most 
economical results, 


Discussion, pages 885-886, by Messrs. D. B. Rushmore, S. C. Lindsay, 
T. E. Tynes and R. H. McLain. 
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CONCATENATED INDUCTION MOTORS FOR R ° v L “^.^ 1 ^ p I p VE Ba9 . 9a0 
William O, Oaclimann ' 

Description of a six-speed concatenated induction motor set for dnvig 
the finishing rolls of a 12-stand continuous mill and ana ySiS th ° t 
tiens that determined choice of prime mover and motor drive control. 
Load diagram and power characteristics curves. 

Discussion, page 021, by Messrs. Rudolph rschcntscher, T. L. lynes 

and A. E. Averrett. 

application of electric motors TO v «°^. | f®f 9 ^ E p s p , U05 . lil8 

Girard B. Rosenblatt . , • 

Classification of gold dredges and outline of requirements for electuc 

„pcSL 

_ , . „ i 17 1/107 hv Ford *»♦ licllliSj Wl. irx. 

Discussion, pages 1417-1427, by Messrs, roiu »v 

Jr., F. A. Ross, L. 1C, Armstrong, W. M. Sheppard, A. A. Millei and C. 

B. Rosenblatt. 

Experience with electric dredges. 

USE OF REACTANCE WITH SYNCHRONOUS CONVERTERS 
An Insurance to Continuity of Service and a 1Ml . 1M3 

I. L. McK. Ynrdloy 

Results of overload and short-circuit tests upon two synchronous i con¬ 
verts, of widely different operating characteristics m circuit with auxil¬ 
iary reaetom. In the one case the reactor is in the a-c. circuit and in the 

ot srr s ;— 0^ ^ g = i 

classes Sh respect to the character and exactions of the ^ 

tions under which they .are required to operate with '^P^t to he need 
or desirahilitv of employing protective reactance, and also with respect 

to the general design «D.t Rushmore, Philip 

To?chio S H"w P Buck, H. R. Summer hayes, J.j. Frank NWStorer, 
George T. Hanchett, Carl J. Fechheimer, Mr Woodward, Mr. Howai , 
Mr Burnham, J. L. McK. Yardley and John B. lay lor. 

Gcnemt remarks on design and application of protective reactors. 

10, PRIME MOVERS AND STEAM BOILERS 

CONCATENATED INDUCTION MOTORS FOR 
'William O. Oschmann drivinff 

Description of a six-speed concatenated induction motor set for dim S, 
the finishing rolls of a 12-stand continuous mill and analysis of the coni 
U„„“ «7rJned choice .■ Prim, move, and mote dnv. control. 

u $sszr£ arss t. ..^ 

and A. E. Avevrett. 

H. s,.» 

1 Concise presentation of the present status »! 
r , • •. qe for the conversion of the energy oi uiu 



18 


SYNOPTICAL INDEX 


efficiency, weight, cost and economy, which are illustrated by curves 
plotted on kilowatt basis. 

Curves are plotted showing the investment and fuel costs of the different 
heat engine units, on the basis of percentage of normal full load rating of 
machines. 

Discussion , pages 1167-1183, by Messrs. R. Tschentscher, J. R. Bibbins, 
H. M. Hobart, E. D, Dreyfus, II. G. Stott, S. Barfoed, Franklin m! 
Farwell, W. S. Gorsuch and R, J. S. Pigott. 

General remarks and data on the cost of electric energy production with 
different prime movers under various conditions. 

11. POWER PLANTS 

PROTECTIVE REACTANCE IN LARGE POWER STATIONS 
Janies Lyman, Allen M. Rossman and Leslie L. Perry Voi, xxxiil— 1914 , pp, 23-48 

General discussion of the various uses of reactance to limit the flow of 
energy under abnormal conditions. Typical busbar arrangements. 
Diagrams giving relation between maximum current and reactance used 
in various ways. Diagrams of relation between maximum current and 
number of generators running. Equation for maximum current. 

Discussion, pages 46-56, by Messrs. Philip Torchio, W, S. Moody, 
Henry G. Stott, Paul M, Lincoln, V. ICarapetoff, Harry R. Woodrow, 
Cassius M. Davis, Allen M. Rossman, O. J. Ferguson and Alex. E. Baulian. 

Discussion of the use and design of reactance coils. Equation for 
instantaneous current. 

THE ECONOMICAL CAPACITY OF A COMBINED HYDROELECTRIC AND STEAM 

POWER PLANT 

Cary T. Hutchinson Vol. xxxlll-1914, pp, 186-192 

Development of method of determining the point of economical capac¬ 
ity of a hydroelectric plant on a variable-flow stream with and without 
pondage and with steam auxiliary. Choice of basic stream flow. Com¬ 
plete data on Susquehanna River as practical example. Determination 
of capacity of steam auxiliary. Per cent deficiency and per cent load 
charts for use in calculations. Cost of hydroelectric plants and energy 
production. Numerical examples of the use of the method, 

Discussion incorporated with that of paper by II, M. Hobart on " The 
Cost of Electricity at the Source.” 

THE COST OF ELECTRICITY AT THE SOURCE 
H. M. Hobart Vol. xxx m— 1914 , pp . 102-200 

The Stott-Gorsuch method is applied to the determination of the cost 
of manufacturing electricity in a 60-cycle station of 100,000 kilowatts 
installed capacity, A method is indicated for tracing through the in¬ 
crease in the cost of the electricity at later stages of its journey from the 
source to the consumer, 

Discussion (including that of paper by Cary T. Hutchinson) pages 
201-210, by Messrs. J. W. Lieb, Jr., H. R, Summerhayes, H. W. Buck, 
Frederick A. Scheffler, II. L. Wallau, H. B. Alverson, O. K, Harlan, H. 
C. Abell, A. H. ICruesi, V. ICarapetoff, Frederick G. Strong, G. L. ICnight 
and H. M. Hobart, 

General remarks on cost of equipping electric generating stations and 
some actual cost data! 
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METHODS OF KEEPING DOWN PEAKS ON POWER PURCHASED ON A PEAK 

BASIS 

T. E. Tynos Vol, xxxlii—1914, pp. 887-892 

Brief statement of two general ways of reducing peaks followed by 
description of a special peak-taking device. 

Discussion, pages 893-898, by Messrs. Rudolph Tschentscher, Paul M. 
Lincoln, J. Lester Woodbridge, J, R. Bibbins, R. H. McLain, E, D, Drey¬ 
fus and T, li. Tynes. 

General remarks on automatic peak absorption. Discussion of the 
economic expediency of absorbing peaks as against straight purchase of 
energy. 

ELECTRICAL FEATURES OF THE U. S. RECLAMATION SERVICE 
F. H. Nowoll Vol. xxxlii—1914, pp. 1609-1624 

Brief outline of electrical development problems of the Reclamation 
Service, followed by short descriptions of the chief developments. Tabu¬ 
lator! data on the electrical installations and power plants of the Reclama¬ 
tion Service. 

Discussion, pages 1025-1629, by Messrs. Paul Spencer, Ralph W. Pope, 
J. 12. Kershner, P, M. Lincoln, H. A. Hornor, Vladimir Karapetoff, Carl 
Ilcring, Mr. Bender, H. Goodwin, Jr., and F. H. Newell. 

General remarks on the cost of energy for hydroelectric developments. 


13. TRANSMISSION 


PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 
Report of Sub-Committee on Transmission 
Introduction by P, W. Sotlimnn, Chairman Vol, xxxlii—1914, pp. 108-118 

Outline of lending problems in building and operating high-tension 
lines. Selection of materials and equipment. Factors that enter into 
the design of the line structure, Extracts from reports of experience from 
various companies operating high-tension lines with special reference to 
insulation. 

APPENDIX I, pages 110-122. Deterioration of Porcelain Insulators 
in Service, by J. A. Brundige, Causes of molecular fatigue and methods 
of detection. 

APPENDIX II, pages 123-124. Radius of Influence of a Direct 
Lightning Stroke, by L. C. Nicholson, _ , 

APPENDIX III, pages 124-127. Transmission Line Problems in the 
West by P, M. Downing. Brief notes on experience in operation. 

APPENDIX IV, pages 127-129. Switching, by G. Faccioli. Effect 
of switching in producing oscillations. 


PRACTICAL OPERATION OF SUSPENSION INSULATORS 
H. W. Buck 1 Vol, xxxlii—1911, pp. 131-137 

Brief review of difficulties experienced in operation of suspension insula¬ 
tors on transmission lines. Wind pressure and sleet loads. Calculation 
and design of lines to meet stresses. 

Discussion (including that of paper by P. W. Sotliman), pages 138- 
154 by Messrs. IT. W. Buck, F. W. Peek, Jr., Charles E. V added, Percy 
II Thomas R. J. McClelland, V. Karapetoff, P. M. Lincoln, Farley Os- 
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Pnnnell, Julian C. Smith, E. A, Lof, C. 0. Mailloux, E. M. Hewlett, H. 
W. Buck and K, C, Randall, 

General remarks on transmission line construction and operation. 
Insulation theory and insulator troubles. Tower specifications. Choice 
o£ conductor and method of stringing. Deterioration of porcelain, 
Insulator design. 

SOME SIMPLE EXAMPLES OF TRANSMISSION LINE SURGES 
W. S. Franklin Vol. xxxiii—1014, [ip. 545-559 

Analytical discussion of waves produced in transmission lines by surg¬ 
ing. The ribbon wave and practical examples of its application. 

Discussion, pages 560-560, by Messrs, J. Murray Weed, A. G. Webster 
and A. Hamilton-EUis. 

Mathematical analysis of transmission line performance under surging 
conditions. 

EXPERIENCES WITH LINE TRANSFORMERS 
D. W. Roper Vol. xxxiii—1914, pp. 686-070 

Analysis of the transformer troubles for one year on a system having 
nearly 15,000 transformers installed. Curves showing the record of 
burnouts of four different makes of transformers are used as a basis for a 
discussion of eflcct of the value placed on continuous service in the selec¬ 
tion of transformers. The results of experiment with improved lightning 
protection are given, showing how the troubles were reduced. 

Discussion, pages 698-710, by Messrs. W. S. Moody, A. D. Fishel, H. 
W. Hough, Paul M. Lincoln, Joseph Franz, M. 0. Tray, E. E. P. Creigh¬ 
ton, H. B. Alverson, W. L. Granger, W. J. Wooldridge, and D. W. Roper. 

General remarks on design, operation and protection of transformer 
installations. 

INHERENT VOLTAGE RELATIONS IN Y AND DELTA CONNECTIONS 
Roynl W. Sorenson and Walter L. Newton Vol. xxxlli—1914, pp. 711-727 

Results of experiments made with a miniature simple transmission 
system to demonstrate the inherent voltage relations with different 
combinations of Y and delta connections, all inductive and capacity 
effects in the transmission line being eliminated. The tests were made 
under constant conditions, with non-inductive load. 

The authors give the results of four groups of tests, on four different 
systems of connections, pointing out the advantages and disadvantages 
of the several systems. In each case tests were made without load, with 
balanced load, and with load on one phase only, for various conditions of 
grounding. Typical voltage diagrams arc given, to show what happens 
under various conditions of load. 

Certain cases where the use of auto-transformers is advantageous, and 
the effects of different ways of connecting them, are discussed. 

Discussion, pages 728-733, by Messrs. Waldo V. Lyon, A. E. Kennetiy 
and Harold Pender, F. W. Peek, Jr., Louis P. Blume, F. C, Green, C. L. 
Fortescue, P. M. Lincoln, J. M. Weed and D. C, Jackson. 

General remarks on the third harmonic in transformer operation. 

INFLUENCE OF TRANSFORMER CONNECTIONS ON OPERATION 
Louis F, Blume Vol. xxxiii—1914, pp. 795-762 

Discussion of relative advantages and disadvantages in operation of the 
more important three-phase transformer connections. Three conditions 
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of operation are given: First, normal; second, operation of a bank with one 
phase disabled, third, effect of line grounds on operation. Analysis of 
insulation stresses at relatively low frequencies to which transformers 
are subject in either normal or abnormal conditions of operation. These 
frequencies include the fundamental or generated frequency and its 
harmonics and the natural frequency of the system. The behavior^ of 
three-phase auto-transformers under the various conditions of operation 
is also analyzed. 

Discussion, incorporated with that of paper by J. P. Jollyman, P. M. 
Downing and F. G. Baum on " Experience of the Pacific Gas and Electric 
Co. with the Grounded Neutral." 


A 

diaries Fortescue 


STUDY OF SOME THREE-PHASE SYSTEMS 

Vol. xxxlif—1914, pp. 763-700 


Discussion of the star-star, delta-delta, delta-star and star-delta con¬ 
nections in order and their individual peculiarities and characteristics, 
precaution that must be taken in operation to avoid trouble, and where 
and when the system may be grounded with best results. 

Discussion incorporated with that of paper by J. P. JoUymnn^P. M. 
Downing and F. G. Baum on “ Experience of the Pacific Gas and Electric 
Co. with tiie Grounded Neutral." 


EXPERIENCE OF PACIFIC GAS AND ELECTRIC CO. WITH THE GROUNDED 

NEUTRAL 

j. P. Jollyman, P. M. Downing and F. G. Baum Vol. xxxili—1914, pp. 767-773 

Outline of the distributing system of the Pacific Gas and Electric Com¬ 
pany of California which operates at 00 lev., the transformers being Y- 
eonnected, with the neutrals solidly grounded. 

Discussion (including that of papers by Louis F. Blume and Charles 
Fortescue), pages 773-802, by Messrs. Guido Senumza, F. F. Brand, W.W. 
Lewis, V. M. Montsinger, C. M. Davis, L. F. Blume, II. S. Osborne, F. E. 
Haskell, II, S. Osborne, C. 0. Mailloux, E. E. F. Creighton, John B. 
Taylor, F. C. Green, P. M. Lincoln, D. W. Roper, F. W. Peek, Jr., J. R. 

Werth, C. L. Fortescue and Max I-I. Collbohm. 

Summary of transformer connection practice in Italy. Classification 
of high tension transmission systems of the world on basis of star and delta. 
Operating results of six great transmission systems. Results of tests on 
effect of capacity and inductance upon third harmonics in star auto- 
transformers. Comparison of star and delta from point of view of tele¬ 
phone disturbances. The problem of insulating transmission lines. 


DELTA AND Y 
Cassius M. Davis 


CONNECTIONS FOR RAILWAY 
DISTRIBUTION 


TRANSMISSION AND 


Vol. xxxiil—1914, pp. S07rB10 


Brief statement of problem of selecting connections for railway system. 
Discussion, (including that of paper by T. S. Eden), pages 811-817, by 
Messrs. John B. Taylor, C. J. Fechheimer, E. G. Merrick, 1. S. Eden, 

R. E. Doherty, Cassius M. Davis and Selby Haar. 

Advantages of delta connection of alternators. Connection of turbo- 


alternators. 
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ENGINEERING DATA RELATING TO HIGH-TENSION TRANSMISSION SYSTEMS 
Sub-Coranilttoo Report Prepared by the Chairman Vol. xxxlil—1914, pp, 1013-10B9 

Introduction. Classified list of power companies reporting and brief 
outline of scope of each report. Typical classification of information 
received by the committee, Drawings and tables for transmission line 
construction, 

Discussion, pages 1090-1105, by Messrs. John B. Fisken, Percy H. 
Thomas, S. C. Lindsay, Ernest V. Pannell, E, E. F. Creighton, F. W. 
Peek, Jr,, R. Fleming, II. H. Norton, M, von Recklinghausen, D. D, 
Ewing, R. E. Argersinger, E. A. Lof and Selby Haar. 

Explanation of cause of deterioration of high-tension conductors. 
Operation of reverse power relays, European high-tension practice. 
Comprehensive list of references to high-tension engineering articles in 
periodicals of the world. * 

PROVISIONAL SPECIFICATION FOR INSULATOR TESTING 
Covering Inspection and Teats of High-Tension Line Insulators of Porcelain, for over 

23,000 Volts 

Vol, xxxlil—1914, pp. 1107-1119 
Discussion, pages 1120-1132, by Messrs, Percy H. Thomas, E, E. F. 
Creighton, Edward Bennett, E. M. Hewlett, Farley Osgood, S. C. Lind¬ 
say, John 13. Fisken, F. W. Peek, Jr., and William B. Jackson. 
General remarks on scope and character of the specifications, 

160,000-VOLT TRANSMISSION SYSTEM 

Some Operating Conditions of the Big Creek Development of the Pacific Light & Power 

Corporation 

Edward Woodbury Vol. xxxlli—1914, pp, 1263-1294 

Description of operating conditions on the 160,000-volt transmission 
240-mile line of the Pacific Light and Power Corporation, 

Appendixes describe the development of the system, and give com¬ 
prehensive data relating to the equipment of the Big Creek transmission 
line. 

Discussion, pages 1295-1298, by Messrs. J. Harisberger, J. B, Fisken, 
A, A, Miller, M, H, Gerry, Jr,, E. Woodbury and V. H, Greisser, 

Early experience with high-tension lines in the West, Necessity of 
synchronous condenser for very high-tension operation of long lines. 

A DISTRIBUTION SYSTEM FOR POWER PURPOSES 
F. D. Nims Vol. xxxlii—1914, pp. 1209-1304 

Description of the distribution system of the Western Canada Power 
Company, Limited, touching on the overhead and underground systems 
in general. Advantages obtained by duplicating lines, both for elim¬ 
inating outages and from a financial standpoint. Also the advantages 
obtained by using a steel-taped lead-armored cable placed directly in 
the ground, figures showing the exact cost of such an installation being 
given. 

Discussion, pages 1305-1313, by Messrs. J, B. Fisken, P, M. Lincoln, 

F. L. Rohrbach, C, S. MacCalla, H. V. Carpenter, Edward Woodbury, 

G. B. Rosenblatt, John Harisberger, L. J, Corbett, Paul Lebenbaum, 
M. T. Crawford and F. D. Nims. 

Experience with underground cables without ducts. 
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ECONOMY IN THE OPERATION OF 55,000-VOLT INSULATORS 
M. T. Crawford Vol, xxxiii—1914, pp, 1439-1434 

Brief outline of the operating experience on three 55,000-volt lines, 
two of which have been in service 10 years and one 5 years, covering 
the progress of insulator construction. A device is described by means 
of which defective insulators can be readily detected in the very early 
stages of deterioration. 

Discussion, pages 1435-1440, by Messrs. J. Harisberger, M. H. Gerry, 
Jr., V. H. Greisser, A. A. Miller, 11. R. Noack, T. R. Cornick, P. M. 
Lincoln, L, 1\ Merwin, L, J. Corbett, Ralph W. Pope and E. Woodbury. 
Experience in the operation of high-tension insulators. 

REPORT BY THE JOINT COMMITTEE ON INDUCTIVE INTERFERENCE TO THE 
RAILROAD COMMISSION OF THE STATE OF CALIFORNIA 

Vol. xxxill—1914, pp. 1441-1480 

Brief account of the formation of the Committee, its activities and 
results accomplished and recommendations for rulings by the Railroad 
Commission of the State of California, together, with a scientific technical 
discussion in explanation of the results and recommendations. 

Discussion, pages 1486-1508, by Messrs. P. N. Nunn, J. B, Fislccn, 
A. I-I. Hallorau, A. J. Bowie, Geo. S. Humphrey. J. C. Martin, L. J. 
Corbett, Chas. P. Kahler, L. T. Merwin, C. E. Rogers, A, J. Bowie, Jr„ 
and A. II, Babcock, 

Criticism and defense of the rules. Question of partisanship in the 
drafting of the rules. 

EFFECT OF ALTITUDE ON THE SPARK-OVER VOLTAGES OF BUSHINGS, LEADS 

AND INSULATORS 

F. W. Pool:, Jr. Vol. xxxill—1914, pp. 1731-1730 

Investigation of the effect of altitude and temperature on the surface 
spark-over of leads and insulators, Correction factors for various stand¬ 
ard types. Data tabulated and plotted. 

Discussion incorporated with that of paper by A. 0. Austin on In¬ 
sulator Depreciation and Effect on Operation.” 

INSULATOR DEPRECIATION AND EFFECT ON OPERATION 
A. O. Austin Vol. xxxill—1914, pp. 1731-1734 

Analytical discussion of mechanical defects in line insulators as de¬ 
veloped by actual practice. Presentation of method of calculating the 
probable depreciation of insulators. 

Discussion (including that of paper by F, W. Peek, Jr.), pages 1745- 
1706, by Messrs. Harvey L, Curtis, D. B. Rushmore, E. D. Eby, P. 
W. Sothman, Selby Haar, Charles P, Steinmetz, E. E, F. Creighton, 
Farley Osgood, F. W. Peek, Jr., Edward J. Cheney, H. II. Sticht, II. 
H. Schneider and R. P. Jackson. 

Investigation of surface resistance of various materials with quanti¬ 
tative results plotted as curves. General remarks on line insulators 
and tests for location of faulty ones. 
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SPECIFICATION AND ANALYTICAL PROCEDURE FOR 30 PER CENT HEVEA 
RUBBER INSULATING COMPOUND 

Report of the Joint Rubber Insulation Committee Appointed by a Group of Manufacturers 
and Users of Rubber Compounds, 1911-1014 

Vo, xxxiii—1914, pp. 17CV-178S 

Part I—General Report 

Part II—-Analytical Procedure 

Part III—Explanation of Procedure 

Part IV—Specification 

Part V—Explanation of Specification 

14. ELECTRIC SERVICE DISTURBANCES AND 
PROTECTION 

PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 
Report of Sub-Committee on Transmission 

Introduction by P, W. Sothman, Chairman Vol. xxxiii—1914, pp. 105-118 

Outline of leading problems in building ancl operating high-tension 
lines. Selection of materials and equipment. Factors that enter into 
the design of the line structure. Extracts from reports of experience 
from various companies operating high-tension lines with special refer¬ 
ence to insulation. 

APPENDIX I, pages 110-122. Deterioration of Porcelain Insulators 
in Service, by J. A. Brunclige. Cause of molecular fatigue and methods 
of detection. 

APPENDIX II, pages 123-124. Radius of Influence of a Direct 
Lightning Stroke, by L. C. Nicholson. 

APPENDIX III, pages 124-127. Transmission Line Problems in 
the West, by P. M, Downing. Brief notes on experience in operation. 

APPENDIX IV, pages 127-129. Switching, by G. Faccioli. Effect 
of switching in producing oscillations. 

THE PRESENT STATUS OF ALUMINUM-CELL LIGHTNING ARRESTERS 
E. E, F. Croighton Vol. xxxiii—1014, pp, 293-300 

Brief survey of the conditions of operation of aluminum-cell arresters. 
References to recent investigations of lightning phenomena and their 
possible effects upon the design of protective apparatus. Characteristics 
of aluminum-cel! arrester including dielectric spark lag, dissolution of film, 
charging resistance, oscillations, damping surges due to natural operations. 
Characteristics of d-c. aluminum arrester. 

Discussion, pages 301-308, by Messrs. V. Karapetoff, F. W. Peek, Jr., 
L. C, Nicholson, C. 0. Mailloux, C. P. Steinmetz and E. E, F. Creighton. 

Lightning and other high-voltage and high-frequency disturbances. 

SOME INVESTIGATIONS ON LIGHTNING PROTECTION FOR BUILDINGS ' 
L. A. DeBloia Vol, radii—1914, pp. 019-536 

Description of investigations conducted for a large manufacturer of 
explosives to determine upon a suitable system of lightning protection for 
buildings containing explosives. 

An analysis by oscillograph of the secondary currents induced by actual 
lightning discharges in vertical earthed conductors. Tentative explana- 
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tiou of the phenomena generally attributed to high-frequency oscillations 
by the existence of unidirectional waves of almost vertical front. 

An investigation of the primary effects of a 20-in, spark in air having . 
the same essential characteristics as those attributed to lightning when 
applied to a model protective system consisting of isolated vertical con¬ 
ductors surrounding a small building. 

An investigation of the secondary effects produced under the above 
conditions. 

Brief description of a general protective system recommended for ex¬ 
plosives buildings. 

Discussion, pages 53(1-544, by Messrs. E. E. E. Creighton, George R. 
Olshnusen, A. G. Webster, Elilm Thomson, W. J. Humphreys, Trygve 
D. Yenscn and L, A. QeBlois. 

Remarks on the nature of lightning and lightning strokes. 


EXPERIENCES WITH LINE TRANSFORMERS 
D.W. Roper Vol. xxxiH—1914, pp. 685-697 

Analysis of the transformer troubles for one year on a system having 
nearly 15,000 transformers installed. Curves showing the record of 
lmrn-outs of four different makes of transformers are used as a basis for a 
discussion of effect of the value placed on continuous service in the selec¬ 
tion of transformers. The results of experiment with improved lightning 
protection arc given, showing how the troubles were reduced. 

Discussion, pages 008-710, by Messrs. W. S. Moody, A. D. Fishel, H. W. 
Slough, Paul M. Lincoln, Joseph Frans, M. 0. Troy, E. E. F. Creighton, 
II. U. Alvcrson, W. L, Granger, W. J. Wooldridge and D. W. Roper. 

General remarks on design, operation and protection of transformer 
installations, 

VOLTAGE TESTING OF CABLES 

W. I. Middleton and Clioetor L. Dawes Vol. xxxlii—1914, 1186-1306 

A no lysis of c. tn. f. stresses in insulation. Tests that must lie made, 
followed by description of new type of oscillating voltmeter for measuring 
peulc values. 

Discussion, pages 1207-1215, by Messrs. W. A. Del Mar, C. 0. Mailloux, 
Henry G. Stott, E. E. P. Creighton, Charles L. Fortescue, Percy II. 
Thomas, J. R. Craighead, W. I. Middleton and Chester L. Dawes. 

General remarks on voltage testing of cables what voltage, what 
sources. Cause p£ third harmonic disturbances and effect of peak e. m. f, 


PROTECTIVE REACTORS FOR FEEDER CIRCUITS OF LARGE CITY POWER 

SYSTEMS 

James Lyman, Loslio L. Perry end A. M. Roesnnm Vol. xxxiii-1914, pp. 1609-1619 

Outline of the Use and limitations of protective reactance coils in feeder 
circuits. Curves given showing what the effects of feeder reactors are, 
with and without Inis reactors, for generators of various reactances. The 
advantages that might lie gained by parallel operation of feeders are 
discussed and the difficulties to be encountered are pointed out. 

Discussion incorporated with that of paper by J. L.^McK. Yardley on 
“ Use of Reactance with Synchronous Converters. 
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USE OF REACTANCE WITH SYNCHRONOUS CONVERTERS 
An Insurance to Continuity of Service and a Protection to Apparatus. 

J. I,, McK. Yardloy Vol. xxJtlli—1914, pp. 1821-1533 

Results of overload and short-circuit tests upon two synchronous con¬ 
verters of widely different operating characteristics in circuit with auxi¬ 
liary reactors. In the one case the reactor is in the a-c. circuit and in the 
other in the d-c. circuit. 

Division of synchronous converter installations into a few general classes 
with respect to the character and exactions of the service conditions under 
which they are required to operate with respect to the need of desirability 
of employing protective reactance, and also with respect to the general 
design or type of the reactor to be employed. 

Discussion, pages 1534-1547, by Messrs, D. B. Rushmore, Philip Tor- 
chio, H. W. Buck, H. R. Summerhayes, J. J. Frank, N. W. Storer, George 
T. Hancliett, Carl J. Fechheimer, Mr. Woodward, Mr, Howard, Mr. Burn¬ 
ham, J. L. McK: Yardley and John B. Taylor. 

General remarks on design and application of protective reactors. 

15. DISTRIBUTION SYSTEMS 

OUTDOOR VS. INDOOR SUBSTATIONS 

Alexander Macomb er ' Vol. xxxitl— 1314, pp. 87-33 

'Brief review of the types of apparatus that have been developed for 
outdoor substation operation. Classification of outdoor substations 
according to application, and discussion of each. Relative merits of 
outdoor and indoor substations. 

Discussioji incorporated with that of paper by Leslie L, Perry on 11 Out¬ 
door Substations in the Middle West.” 

OUTDOOR SUBSTATIONS IN NEW ENGLAND 
Fred L. Hunt Vol. xxxill—1014, pp. 05-00 

Brief description and discussion of two substations of the Amherst 
Power Company, giving the basis of choice between the outdoor and in¬ 
door stations. Care of transformers and oil switches in freezing weather. 

Discussion incorporated with that of paper by Leslie L, Porry on 11 Out¬ 
door Substations in the Middle West,” 

INDOOR AND OUTDOOR SUBSTATIONS IN PENNSYLVANIA 
H, L. Fullerton Vol. xxxlll—1914, pp. 71-87 

General analysis of substations designed for primary voltages below 
20,000. Both indoor and outdoor types considered, being classified 
under the heads: Customers' stations fed from distribution, customers’ 
stations fed from transmission system, company’s stations. Selection 
of location, type of building, apparatus, etc. Relative costs of different 
types of construction. General layouts for typical bus arrangements. 
Relative merits of outdoor and indoor stations. 

Discussion incorporated with that of paper by Leslie L, Perry on " Out¬ 
door Substations in the Middle West.” 

OUTDOOR SUBSTATIONS IN THE MIDDLE WEST 
Leslie L. Perry Vol. xxxill—1914, pp. 89-91 

Experience with small high-tension substations installed out-doors on 
towers. 
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Discussion (including that of paper by Messrs. Alexander Macomber; 
Fred L. Hunt; and H. L. Fullerton), pages 02-103, by Messrs. A. H. 
Kruesi, A. R. Smith, Roy E. Argersinger, H. B, Gear, W. S. Moody, 
Allen M. Rossman, J, C, Smith, P. W. Sothman, J, Edward Kearns, 
K. C. Randall, Henson E. Bussoy, E. A, Lof, Parley Osgood and Dugald 
C. Jackson. 

Field for outdoor substations. Limitations of apparatus for outdoor 
substations. 

DISTRIBUTION OF ELECTRICAL ENERGY 
Report ol Sub-Committee on Distribution 

P. Junkoislold, Chalrmnn Vol. xxxiil—-1914, pp. 211-217 

General remarks on desirability of few large substations compared 
'with many small ones. Bibliography of distribution for light, power 
and railways. Cables and underground construction. 

APPENDIX I, pages 217-222. Three-Wire D-C, Distribution, by 
Philip Torchio. Brief review of practice. 

APPENDIX II, pages 222-235, Alternating-Current Distribution, 
by IT. B. Gear. Brief outline of practice for distribution of electric 
energy in bulk and also for general use. Typical circuits and networks. 
Demand factors. Advice for selection of apparatus for substations 
atul distribution systems. 

APPENDIX III, pages 236-240. Effect of Consumers’ Apparatus 
and Wiring on Distribution, by H. Goodwin. Rules for governing 
consumers' load characteristics, 

APPENDIX IV, pages 240-251. Direct-Current Distribution for 
Surface Railways—Urban Service, by R, H. Rice, General analytical 
discussion of the system including substations, feeders, working con¬ 


ductors and return. , 

APPENDIX V,. pages 261-250, Direct-Current Distribution for 

Underground and Elevated Railways, by E. J. Blair. Working or 
contact conductor layout for different types of systems in actual use with 
special regard to feeding points and sectionalization. 

APPENDIX VI, pages 259-261. Direct-Current Distribution for 
Intcrurban and Steam Railroads, by W. G. Carlton Brief notes on 
various types and word about choice of working e.m.f. 

APPENDIX VII, pages 261-262. A-C. Distribution for Intcrurban 
nnd Steam Railroads, by W. S. Murray. Recommendation of single- 

phase overhead construction. . n . . , ih tion 

APPENDIX VIII, pages 262-266. The Relation/ Dm“ button 

Problems and Switching Apparatus, by E. B. Mer / ' . f 

cussion of factors most affected by switching, such a M ££ £ *" 
vice, protection of system from disturbances and safety o operato . 

APPENDIX IX, pages 266-260. Distribution for Street L, g t g 
Service, by Paul M. Lincoln. Advantages of constant current 

system of distribution. . WaUaU) Philip Torchio, 

s •S’ZZ 'S 8 w £ m H„«. h. 

B. Taylor! E. W. Trafford, J. T. Kelly, Jr., John Murphy, H. B. Gear 


a tcnolll ™'ks''on operation of distribution dmtoajd experience 
with 'control,-protective and switching apparatus of various typ 
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MINE SUBSTATIONS 
Their Construction and Operation 

H. Booker Vo!, xxxlll—1914, 1 >D. 439-444 

Brief practical discussion of layout, operation and maintenance of 
substations around coal mines. List of common defects in design of 
substations and faults in the organization of the operating force. 

Discussion (including that of paper by Will M. Hoen), pages 44.1- 
449, by Messrs. W. A. Thomas, P. M. Lincoln, N. Stahl, and Will M. 
Hoen. 

Use of synchronous converters in mines. Load characteristics of 
mines. 

A DISTRIBUTION SYSTEM FOR POWER PURPOSES 

F, D. Nims Vol. xxxiil—1914, pp, 1999-1304 

Description of the distribution system of the Western Canada Power 
Company, Limited, touching on the overhead and underground systems 
in general. Advantages obtained by duplicating lines, both for elim¬ 
inating outages and from a financial standpoint. Also the advantages 
obtained by using a steel-taped lead-armored cable placed directly in 
the ground, figures showing the exact cost of such an installation being 
given. 

Discussion , pages 1305-1313, by Messrs. J, B. Lisbon, P. M. Lincoln, 
P. L. Rolirbach, C. S. MacCalla, H. V. Carpenter, Edward Woodbury, 

G, B, Rosenblatt, John Harisborger, L. J. Corbett, Paul Lebenbattm, 
M. T. Crawford and F. D. Nims. 

Experience with underground cables without ducts. 

PROTECTIVE REACTORS FOR FEEDER CIRCUITS OF LARGE CITY POWER 

SYSTEMS 

James Lyman, Leslie L, Perry and A. M. Rossmnn Vol. xxxlll—1914, pp. 1899-1619 

Outline of the use and limitations of protective reactance coils in 
feeder circuits. Curves given showing what the effects of feeder reactors 
are, with and without bus reactors, for generators of various reactances. 
The advantages that might be gained by parallel operation of feeders 
are discussed and the difficulties to be encountered are pointed out. 

Discussion, incorporated with that of paper by J. L. McK. Yardley 
on " Use of Reactance with Synchronous Converters.” 

16. CONTROL, REGULATION AND SWITCHING 

PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 
Report of Sub-Committee on Transmission 

Introduction by P, W. Sotbmau, Chairman Vol. xxxilt—1914, pp. 103-113 

Outline of leading problems in building and operating high-tension 
lines. Selection of materials and equipment. Factors that enter into 
the design of the line structure. Extracts from reports of experience 
from various companies operating high-tension lines with special refer¬ 
ence to insulation. 

APPENDIX I, pages 119-122. Deterioration of Porcelain Insulators 
in Service, by J. A, Brundige. Cause of molecular fatigue .and methods 
of detection. 

APPENDIX II, pages 123-124. Radius of Influence of a Direct 
Lightning Stroke, by L. C. Nicholson. 
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APPENDIX III, pages 124-127. Transmission Lino Problems in 
the West, by P. M. Downing. Brief notes on experience in operation, 
APPENDIX IV, pages 127-129. Switching, by G. Faceioli. Effect 
of switching in producing oscillations. 

RECORDING DEVICES 

Charles P. StelnmeU Vol. xxxlli—1914, pp. 283-293 

Fundamental types of automatic recorders. Demonstration by prac¬ 
tical examples of usefulness of automatic recorders in operation of elec¬ 
tric systems. Use of multi-recorder. 

No discussion. 

MINE DUTY CONTROLLERS 

Harrison l 3 . Roed Vol. xxxiii—1914, pn, SG7-375 

Discuiision of then advisable types of control to be used for various 
mining equipment, particularly in bituminous coal mines. Operating 
conditions are taken up in detail and proper control equipment suggested 
to in out those conditions. 

Discussion, pages U70-HS4, by Messrs. P. L. Stone, Sidney G, Vigo, 
Graham Bright, H. It. Clark, H. D. James, W. C. Kennedy, C. J. E. 
Wiixboiu, W. M. Hoen and Arthur S. Bieseeker. 

G oiler ill remarks on control, systems for mill work. Oil vs. air-break 
contactors. Explosion-proof cases for switches and motors. 

INHERENT VOLTAGE RELATIONS IN Y AND DELTA CONNECTIONS 
Royal W. Sorenson pint Wftltor L, Nowlon Vol. xxxlli 1814, pp, 711-727 

Results of experiments made with a miniature simple transmission 
system to demonstrate the inherent voltage relations with different com¬ 
binations of Y and delta connections, all inductive and capacity effects 
in the transmission line being eliminated. The tests were made under 
constant conditions, with non-inductive load. 

The authors give the results of four groups of tests, on four different 
systems of connections, pointing out the advantages and disadvantages 
of the several systems, In each case tests were made without load, with 
balanced load, and with load on one phase only, for various conditions 
of grounding. Typical voltage diagrams are given, to show what hap¬ 
pens under various conditions of load, 

Certain eases where the use of nuto-transformers is advantageous, and 
the effects of different ways of connecting them, are discussed. 

Discussion, pages 728-733, by Messrs. Waldo V. Lyon, A. E. Kennedy 
and Harold Bender, F. W. Peek, Jr., Louis F. Blume, F. C. Green, C. 
I,, Forlescuo, P. M, Lincoln, J. M. Weed and D. C. Jackson. 

' General remarks on the third harmonic in transformer operation. 

CONCATENATED INDUCTION MOTORS FOR ROLLING MILL DRIVE 
William O, Oscl.mann Vol. xxxiil-1914, pp. B93-920 

Description of a six-speed concatenated induction motor set for driv¬ 
ing the finishing rolls of a 12-stand continuous mill and analysis of the 
conditions that determined choice of prime mover and motor drive 
control. Load diagrams and power characteristics curves, 

Discussion, page 921, by Messrs. Rudolph Tschcnttcher, T. E. Tynes 
and A. 12. Avcrrott. 




30 


SYNOPTICAL INDEX 


ENGINEERING DATA RELATING TO HIGH-TENSION TRANSMISSION SYSTEMS 
Sub-Committee Report Prepared by the Chairman. 

Vol, xxxill—1914, pp. 1013-1089 
Introduction. Classified list of power companies reporting and brief 
outline of scope of each report. Typical classification of information 
received by the committee. Drawings and tables for transmission line 
construction. 

Discussion, pages 1090-1105, by Messrs, John B. Fisken, Percy H, 
Thomas, S. C. Lindsay, Ernest V. Panned, E. E. F. Creighton, F, W. 
Peek, Jr,, R. Fleming, H, H. Norton, M. von Recklinghausen, D. D. Ew¬ 
ing, R. E. Argersinger, E. A. Lof and Selby Haar. 

Explanation of cause of deterioration of high-tension conductors. 
Operation of reverse power relays. European high-tension practice. 
Comprehensive list of references to high-tension engineering articles in 
periodicals of the world. ' 

160,000-VOLT TRANSMISSION SYSTEM 

Some Operating Conditions of tho Big Creek Development of tho Pacific Light & Power 

Corporation 

Edward Woodbury Vol. xxxlil—1914, pp. 1283-1294 

Description of operating conditions on the 150,000-volt transmission 
240-mile line of the Pacific Light and Power Corporation. 

Appendixes describe the development of the system, and give compre¬ 
hensive data relating to the eejuipment of the Big Creek transmission line. 

Discussion , pages 1295-1298, by Messrs, J. Ilarisberger, J. B. Fisken, A. 
A. Miller, M. FI, Gerry, Jr., E. Woodbury, and V. II. Grcisser. 

Early experience with high-tension lines in the West. Necessity of 
synchronous condenser for very high-tension operation of long lines. 

17. TRACTION 

DISTRIBUTION OF ELECTRICAL ENERGY 
Regort of Sub-Commltfee on Distribution 

P. Junkersfeld, Chairman Voi. xxxill—1914, pp. 211-217 

General remarks on desirability of few large substations compared with 
many small ones. Bibliography of distribution for light, power and 
railways. Cables and underground construction. 

APPENDIX I, pages 217-222. Three-Wire D-C. Distribution, by 
Philip ,Torchio. Brief review of practice. 

APPENDIX II, pages 222-236. Alternating-Current Distribution, 
by FI. B. Gear. Brief outline of practice for distribution of electric energy 
in bulk and also for general use. Typical circuits and networks. Demand 
factors. Advice for selection of apparatus for substations and distribu¬ 
tion systems. 

APPENDIX III, pages 236-240. Effect of Consumers’ Apparatus 
and Wiring on Distribution, by IF. Goodwin. Rules for governing con¬ 
sumers’ load characteristics. 

APPENDIX IV, pages 240-251. Direct-Current Distribution for 
Surface Railways—Urban Service, by R. FI. Rice. General analytical 
discussion of the system including substations, feeders, working conduc¬ 
tors and return. 

APPENDIX V, pages 251-259. Direct-Current Distribution for Un¬ 
derground and Elevated Railways, by E. J. Blair. Working or contact 
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conductor layout for different types of systems io actual use with special 
regard to feeding points and sectionalization. 

APPENDIX VI, pages 250-261. Direct-Current Distribution for 
luterurban and Steam Railroads, by W. G. Carlton. Brief notes on 
various types and word about choice of working e, m. f. 

APPENDIX VII, pages 261-262. A-C, Distribution for Interurban 
and Steam Railroads, by W. S, Murray. Recommendation of single¬ 
phase overhead construction. 

APPENDIX VIII, pages 262-266. The Relation of Distribution Prob¬ 
lems and Switching Apparatus, by E. B, Merriam. Brief discussion of 
factors most affected by switching, such as reliability of service, protection 
of system from disturbances, and safety of operators. 

APPENDIX IX, pages 266-269. Distribution for Street Lighting 
Service, by Paul Mi Lincoln. Advantages of constant current series 
system of distribution, 

Discussion, pages 270-282, by Messrs. II. L. Wallau, Philip Torchio, 
S. D. Sprung, D. W. Roper, E. M. Hewlett, II. R. Summerhayes, John 
H. Taylor, E. W. Trafford, J. T, Kelly, Jr,, John Murphy, H. B. Gear 
and Carl Schwartz. 

General remarks on operation of distribution circuits and experience 
with control, protective and switching apparatus of various types. 


A COMPARISON OF THE TELEGRAPH WITH THE TELEPHONE AS A MEANS OF 
COMMUNICATION IN STEAM RAILROAD OPERATION 
M. H. Clapp Vol, xxxilt—1914, pp. 319-338 

Brief historical description of the use of telegraph and telephone on 
railroads. Description of typical railroad telegraph system. Cost and 
method of operation. Discussion of advantages and disadvantages of 
telegraph for railroad work. Description of typical railroad telephone 
plant, cost and method of operation, followed by discussion of advantages 
ami disadvantages. Comparison of telegraph with telephone for handling 
railroad traffic and business. 

Discussion (including that of paper by W, Lee Campbell), pages 330- 
361, by Messrs, William Mavcr, Jr., William E. Harkness, R. N. Hill, 
L), P. Grace, John B. Taylor, W. Leo Campbell, M. H. Clapp and Donald 
McNicol. 

General remarks on use of telephone and telegraph on railroads. Use 
of composite telephone and telegraph circuits. Cost of phantom circuits. 
Speed and efficiency of telegraph compared with telephone. 


THE DEVELOPMENT OF THE ELECTRIC MINE LOCOMOTIVE 
G. M. Eaton VoI ‘ **‘«‘- 1914 < »■ 403 - 411 

Evolution of coal mine locomotive with illustrations. Various types of 
mine Locomotives, construction shown and briefly discussed. Also brief 
reference to various types of motors with different methods of lubrication 
and bearing construction. Design data plotted to show tendency of 

Messrs ’ W ' ^ Cl l ' fSiMV 

J. E, Waxbom, Graham Bright, P. L. Stone, G. M. Baton, L. J. Ilsey, I\. 
A Thomas, G. H. Simpler, E. II, Martindale and N. W. Storm. 

General remarks on constructional features of mine locomotives. Data 
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on costs, repairs and troubles from actual experience. Experience with 
ball bearings. 

DELTA AMD Y CONNECTIONS FOR RAILWAY TRANSMISSION AND 
DISTRIBUTION 

Cassius M. Davis Vol, xxxiii—1914, pp. 807-810 

Brief statement of problem of selecting connections for railway system. 
Discussion (including that of paper by T. S. Eden), pages 811-817, by 
Messrs, John B. Taylor, C. J. Fechheimer, E. G. Merrick, T. S. Eden, 
R. E, Doherty, Cassius M. Davis and Selby Haar. 

Advantages of delta connection of alternators, Connection of turbo 
alternators. 

THE ELECTRICAL OPERATION OF THE BUTTE, ANACONDA & PACIFIC 

RAILWAY 

J. B. Cox Vol. xxxiii—1914, pp. 1309-1393 

Review 1 of engineering study and construction of the electrical installa¬ 
tion of the Butte, Anaconda and Pacific Railway, giving reasons for 
using purchased energy and showing by curves and tables the savings 
accomplished over previous steam operation. 

Discussion , pages 1394-1403, by Messrs.' Paul Lebenbaum, C.P. Kahlcr, 
J. C. Ralston, A. A. Miller, W. K. Stacy and J. B. Cox. 

Additional data on the repair of locomotives and the operation of col¬ 
lectors. Comparison of electric with steam locomotive repairs. 

REPORT BY THE JOINT COMMITTEE ON INDUCTIVE INTERFERENCE TO Till! 

RAILROAD COMMISSION OF THE STATE OF CALIFORNIA 

Vol. xxxiii—1914, pp. 1441-1485 
Brief account of the formation of the Committee,'its activities and re¬ 
sults accomplished and recommendations for rulings by the Railroad 
Commission of the State of California, together with a scientific technical 
discussion in explanation of the results and recommendations. 

Discussion, pages 1486-1S08, by Messrs. P. N. Nunn, J. B. Fiskon, A. 
II. Halloran, A. J. Bowie Geo. S. Humphrey, J. C. Martin, L. J, Corbett, 
Chas, P, ICahlcr, L. T. Merwin, C. E. Rogers, A, J. Bowie, Jr., and A. II. 
Babcock. 

Criticism and defense of the rules. Question of partisanship in the 
drafting of the rules. 

GRAPHIC METHOD FOR SPEED-TIME AND DISTANCE-TIME CURVES 
E, C. Woodruff Vol. xxxiii—1914, pp. 1673-1670 

Description of a simple method for obtaining speed-time and distance-, 
time curves, which avoids the usual step-by-step process. 

Discussion, pages 1077-1719, by Messrs, Selby Haar, C. O. Mailloux, 
N, W. Akimoff, F, Castiglioni, F. E. Wynne, N. W. Storer, 15. C. Wood¬ 
ruff and D. D. Ewing. 

Resume of the Mailloux method of calculating and plotting spoed- 
time and curves and comparison with the author's method. Equation 
for practical motor acceleration curves. Use of speed-distance curve 
for finding cutting off point. Use of slide rule for motor characteristic 
curves in speed-time curve calculations and determination of .the capacity 
of railway motors. Castiglioni method compared with Mailloux method 
of speed-time calculations. 







SYNOPTICAL INDEX 


83 


18. LIGHTING AND LAMPS 

self-contained portable electric mine lamps 

H. O. Swoboda Vol. xxxiii—1914, pp. 385-330 

General requirements o£ safety lamp for mines. Description of con¬ 
struction of groups of prize-winning electric lead storage battery safety 
lamps. Method of caring for lamps and batteries. Cost of operation. 

Discussion, pages 397-401, by Messrs, H. H. Clark, 14. H. Smith, R. 
C. Burrows, and H. O. Swoboda. 

Advantages of the alkaline battery. 


19. ELECTRICITY IN THE ARMY AND NAVY 

ELECTRICITY THE FUTURE POWER FOR STEERING VESSELS 
II. r„ Hibbard Vol. xxxiii—1914, pp. 619-648 

Brief descriptionMf steam steering gear and recital of disadvantages, 
followed by advantages of electric system. Brief historical resume of 
electric steering gear installations. Description of installations on 
battleship Texas, giving calculations of horse power and results of tests. 
Actual recording ammeter curves. 

Discussion , pages 049-057, by Messrs. G. A. Pierce, Jr., Mathias 
l’fatischer, Maxwell W. Day, R. A. Beektnau, 14. L. Hibbard and H. 


A. Ilornor. ■ 

Early installations on Russian warships. Defense of Pfntischer elec¬ 
tric steering system. Advantages of motor-generator steering systems. 
Disadvantages of contactor type of electric steering gear. 


THE FUTURE OF ELECTRIC HEATING AND COOKING SKHVIC^E 

' General remarks on use and future of electric cooking on board ship. 
Brief description of equipment of battleship Texas and results of tests 
of power consumption. Advantages of electric cooking and heating. 
Discussion, pages 0(59-972, by Messrs. W. S. Hadaway, E. F. Dutton, 

II. J. Mauger and Frank T. Leilieh. _ _ 

Disadvantages of electric cooking on board ship. Difficulties of build¬ 
ing resistors for high surface temperatures. 

ELECTRIC HEATING AS APPLIED TO MARINESERVICE 
C. S. McDowell and D. M. Mahood 

A comparison of convection and radiant beaters the proper use of 
each type being shown, for space heating on shipboard with metal decks 

1111 Curves'shovving results obtained on tests to determine the best type 
of heater for shipboard and desirable features of heater are indicated. 

” m-m, by Messrs. W. S. 

11. Waller, Charles D. Knight, D. B. Rushmore, F. C. Caldwell, D. 

electric 'hating tests at the University of Nebraska. Rela¬ 
tive merits of open-coil and enclosed heater units. 


S.« of gyroscope .,,<1 brief rtat.mm. of pr.e.lc.t uses to which it 


THE ELECTRICALLY DRIVEN GYROSCOPE 857-871 
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the many electrical and mechanical devices that have been developed 
by E. A. Sperry to perforin the various functions whereby an instrument 
of great precision has been secured. 

Brief mention of large gyroscopes which are capable of counteracting 
enormous wave forces and completely stabilizing any ship against roiling 
in the heaviest seas. 

Discussion, page 872, by Messrs. Alfred E. Waller and II. C. Ford. 
Remarks on stabilizing action of gyroscope. 

„ SUBMARINE SIGNALING 

The Protection of Shipping by a Wall of Sound and Other Uses of the Submarine Tclograph 
_ _ • Oscillator 

B. F. Blake Vol. xxxlil—1914, pp. 1810-1801 

Dangers of the sea. Outline of development of underwater signaling, 
Description of Fessenden oscillator and uses to which it may be put. 
Report of Capt. Quinan on equipment of U, S. revenue cutter Miami. 

Discussion, pages 15G2-16G5, by Messrs. W. S. Franklin, H. J. W. 
Fay, Elmer A, Sperry, G. A. Headley, II. A. Hornor, George Breed, 
John B. Taylor and J. L. Woodbridge. 

ELECTRICAL EQUIPMENT OF THE ARGENTINE BATTLESHIP " MORENO" 
H. A. Hornor Vol, xxxlil—1014, pp, 1567-1802 

Description of the electrical installation of one of the two Argentine 
battleships building in this country. The methods of installation and 
distribution of energy, and the results scoured by departure from present 
practise. 

Detailed descriptions are given of important and unusual equipments 
such as steering gear, anchor windlass, searchlights, gyro-compass, etc,, 
etc. 

Discussion, pages 1G93-1608, by Messrs. II, L. Hibbard, Maxwell W. 
Day, G. A. Pierce, Jr., Elmer A. Sperry, B. B, Bierer, J. H. Linnard, W. 
F. Cochrane, Clyde S. McDowell, L. C. Porter and II. A. Hornor. 

General remarks and comments on electrical installation practise for 
the navy. 

20. MISCELLANEOUS APPLICATIONS OF ELECTRICITY 

SOURCES OF DIRECT CURRENT FOR ELECTROCHEMICAL PROCESSES 
F. D, Newbury Vol . xxxm _ 18Hj p(Ii M2 

Brief statement of the requirements of generators for heavy-current 
low-voltage service. Discussion of relative merits of the various types 
of generator units suitable for electrochemical work, giving the limiting 
features of each type of generator and prime mover. Comparative 
efficiency and cost of various systems. 

Discussion, pages 13-22, by Messrs. G. A. Roush, F. A, Lidbury, F. 
L. Antisell, J. B. F. Ilerreshoff, C. O. Mailloux, Lawrence Addicks, C. 
H. Vom Baur, II. E. Longwoll, F. D, Newbury and F. W. Harris, 
Typical size of units for electrochemical plants, Current density 
and other data in copper deposition. Economy of various typos of 
prime movers. 

MINE DUTY CONTROLLERS 

Harrison P. Read Vol. xxxlIi-1914, pp. 367-875 

Discussion of the advisable types of control to be used for various 
mining equipment, particularly in bituminous coal mines. Operating 
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conditions tire taken up in detail and proper control equipment suggested 
to meet these conditions, 

Discussion, pages 376-384, by Messrs, F. L, Stone, Sidney G, Vigo, 
Graham Bright, II. II. Clark, II. D. James, W. C, Kennedy, C. J. E. 
Waxbom, W. M. Hoen, and Arthur S, Biesecker. 

General remarks on control systems for mill work. Oil vs, air-break 
contactors. Explosion-proof cases for switches and motors. 

SELF-CONTAINED PORTABLE ELECTRIC MINE LAMPS 
H. 0. Srvoboda Vol. xxxlll—1914, pp, 3B5-396 

General requirements of safety lamp for mines. Description of con¬ 
struction of groups of prize-winning electric lead storage battery safety 
lamps. Method of caring for lamps and batteries. Cost of operation. 

Discussion, pages 307-401, by Messrs. H. II. Clark, II. H, Smith, 
R, C. Burrows and II, 0. Swoboda. 

Advantages of the alkaline battery. 


THE DEVELOPMENT OF THE ELECTRIC MINE LOCOMOTIVE 
G. M. Eaton Vol. xxxlll—1914, pp. 403-414 

Evolution of coal mine locomotive with illustrations. Various types 
of mine locomotives, construction shown and briefly discussed. Also 
brief reference to various types of motors with different methods of 
lubrication and bearing construction. Design data plotted to show 
tendency of future development. 

Discuss ion, pages 415-429, by Messrs. W. W. Miller, C. W. Beers, 
Carl J. E. Waxbom, Graham Bright, F. L. Stone, G. M. Eaton, L. J. 
Ilsley, W. A. Thomas, G. II. Shapter, E. H. Martindale, and N, W. 

Storer. , 

General remarks on constructional features of mine locomotives. 
Data on costs, repairs and troubles from actual experience. Experience 
with ball bearings. 


mine substations 


Motor- Gonorator Sots vs. Synchronous Converters 
WHIM. Soon Vol. xxx.U-1914, pp.. 431-437 

Comparison of synchronous converters, synchronous motor-generators 
and induction motor-generators as to starting characteristics, efficiency 


and performance on mine loads. 

Discussion incorporated .with that of paper by H. Booker on 
Substations—Their Construction and Operation.” 


"Mine 


MINE SUBSTATIONS 

Their Construction and Operation ....... 

Vol. xxxlll—1914, pp. 439-144 

H, Boolcor 

Brief practical discussion of layout, operation and maintenance o 
substations around coal mines, List of common defects in design 
substations and faults in the organization °£ the opeiating • 

Discussion, (including that of paper by i ■ ' wjll m. 

449, by Messrs. W. A. Thomas, P. M. Lincoln, N. Stahl and Will 

H Use of synchronous converters in mines. Load characteristics of 
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magnetic and other properties of electrolytic iron melted in 

VACUO 

Trygve D. Yensen Vol. xxxlii—1014, pp, 4D1-475 

Brief mention of early work done in the study of magnetic properties of 
iron and iron alloys. Description of the construction of vacuum furnace 
for melting iron and permeametcr for testing short bars. Account of 
methods of preparing specimens and testing their magnetic properties. 
Effect of heat treatment on magnetic properties shown by curves and 
tables. Discussion of equilibrium diagram of iron-carbon alloys with 
special reference to magnetic properties. 

No discussion. 

ELECTRICITY the future power for steering vessels 

H. L, Hibbard Vol. xxxlii—'1014, pp, 619-G48 

Brief description of steam steering gear and recitfil of disadvantages, 
followed by advantages of electric system, Brief historical resume of 
electric steering gear installations. Description of installations on 
Battleship Texas, giving calculations of horse power and results of tests. 
Actual recording ammeter curves. 

Discussion, pages 049-657, by Messrs. G. A, Pierce, Jr,, Mathias 
Pfatischer, Maxwell W, Day, R. A, Beckman, H. L. Hibbard and II. 
A. Hornor. 

Early installations on Russian warships. Defense of Pfatischer elec¬ 
tric steering system. Advantages of motor-generator steering systems. 
Disadvantages of contactor typo of electric steering gear. 

THE FUTURE OF ELECTRIC HEATING AND COOKING IN MARINE SERVICE 
It. J. Mmigor Vol. xxxlii—1914, pp. 069-008 

General remarks on use and future of electric cooking on board ship. 
Brief description of equipment of battleship Texas and results of tests 
of power consumption. Advantages of electric cooking and heating. 

Discussion , pages 609-672, by Messrs. W. S. I-Iadaway, 15. F. Dutton, 
H. J. Mauger and Frank T. Leilicli. 

Disadvantages of electric cooking on board ship. Difficulties of 
building resistors for high surface temperatures, 

EFFECT OF ELECTROLYSIS ON THE COMPRESSIVE STRENGTH OF CEMENT 
AND CONCRETE 

C. Edward Magnussan and B. Izhurotf Vol. xxxlH—'1014, pp. 078-084 

Results of prolonged tests to corroborate results given in former paper 
{Vol. XXX, page 2055), Description of apparatus and tabulation of 
results. 

No discussion. 

ELECTRIC HEATING AS APPLIED TO MARINE SERVICE 
C. S. McDowell and D. M. Mnhood Vol. xxxll!—1014, pp, 889-BOO 

A comparison of convection and radiant heaters, the proper use of 
each type being shown, for space heating on shipboard with metal decks 
and bulkheads. 

Curves showing results obtained on tests to determine the best typo 
of heater for shipboard and desirable features of heater arc 1 indicated. 
Discussion, pages 861-856, by Messrs. W. S. I-Iadaway, Jr., Alfred 
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E, Waller, Charles D. Knight, D. B. Rushmore, F. C. Caldwell, D. 
M. Mahood, and H. A. Hornor 

Results of electric heating tests at the University of Nebraska. Rela¬ 
tive merits of open-coil and enclosed heater units. 


THE ELECTRICALLY DRIVEN GYROSCOPE IN MARINE WORK 
H, c. Ford Vol. xxxiii—1914, pp. 867-671 

Definition of gyroscope and brief statement of practical uses to which it 
has been put. 

A general description of the gyro-compass as adopted by the United 
States Navy for use on all the battleships and submarine vessels, and of 
the many electrical and mechanical devices that have been developed by 
Si. A. Sperry to perform the various functions whereby an instrument 
of great precision Ijps been secured. 

Brief mention of large gyroscopes which are capable of counteracting 
enormous wave forces and completely stabilizing any ship against roiling 
in the heaviest sous, 

Discussion, page 872, by Messrs. Alfred E. Waller and H. C. Ford. 

Remarks on stabilizing action of gyroscope. 


DIRECT-CURRENT MOTORS FOR COAL AND ORE BRIDGES 
II. II. McLain Vo1 ' «• 

Brief description of the mechanical arrangement of a coal bridge. 
Performance characteristic curves and discussion of type of motors suited 
to the work and the proper methods of gearing the motor for most econom- 

^nisens^n, pages 886-880, by Messrs. D. B. Rushmore, S. C. Lindsay, 
T. U. Tynost and R. H. McLain. 

CONCATENATED INDUCTION MOTORS FOR R0 ^^J 
William O. Osclimanu ’ . . . 

Description of a six-speed concatenated induction motor set for driving 
the Imbibing rolls of a 12-stand continuous mill and analysis of the condi¬ 
tions that determined choice of prime mover and motor drive contiol. 

1 mid diagrams and power characteristic curves. 

' Discussion, page 021, by Messrs. Rudolph Tschentscher, l.B. ynes 

and A. E, Averrett. 

STERIUZATION O, «. - »***« — « ” 

Vol, xxxill—1914, pp. 1217-1930 

Violet rays. , Messrs. Morgan Brooks, Theodore A. 

- «* -v »’■ “ d 

ozone gas. Operating results with ozone-gas plant. 
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ELECTRICITY IN THE LUMBER INDUSTRY 
E. F. Whitney Vol. xxxlll—1914, pp, 1316-1354 

Description of the lumbering industry as carried on in Washington and 
Oregon, and the application of electric power to the various operations 
carried on under the two main divisions of logging and milling. Typical 
applications illustrate types of motors and power transmission equipments, 
and the average power demands of the various logging operations and 
milling processes. In addition to the machines used in ordinary sawmill 
work, those used in planing mills and shingle mills are described. The 
question of the disposition of waste is considered, and comparative fuel 
values are given. The illustrations show logging operations and electri¬ 
cally driven saws, finishing machinery and lumber-handling machinery 
in the Pacific Coast lumber districts. 

Discussion, pages 1355-1367, by Messrs. Scott, At A, Miller, P. D. 
Weber, J. B, Pisken, L. T. Merwin, Mr. .Cheek, A, Norman, W. II, R, 
Fraser, John Harisberger and E, P. Whitney. 

Practice in electric operation of saw mills. 

APPLICATION OF ELECTRIC MOTORS TO GOLD DREDGES 
Girard B, Rosenblatt Vol. xxxlll—1914, pp, 1406-1416 

Classification of gold dredges and outline of requirements for electric 
operation. Choice of motor and specifications for design of digging motor, 

Discussion, pages 1417-1427, by Messrs. Ford W. Harris, M. H. Gerry, 
Jr., P. A. Ross, L. K. Armstrong, W. M. Shepard, A. A. Miller and G, B, 
Rosenblatt. 

Experience with electric dredges. 

ELECTRICAL FEATURES OF THE U. S. RECLAMATION SERVICE 
F. H. Newell Vol, xxxlll—1914, pp, 1600-1024 

Brief outline of electrical development problems of the Reclamation 
Service, followed by short descriptions of the chief developments. Tabu¬ 
lated data on the electrical installations and power plants of the Re¬ 
clamation Service. 

Discussion, pages 1625-1629, by Messrs. Paul Spencer, Ralph W, Pope, 
J. E. Kershner, P. M. Lincoln, II. A. Ilornor, Vladimir ICarapefcoff, Carl 
Heriug, Mr. Bender, PI. Goodwin, Jr. and F. II. Newell, 

General remarks on the cost of energy for hydroelectric developments. 

21. TELEPHONY AND TELEGRAPHY 

TRAFFIC STUDIES IN AUTOMATIC-SWITCHBOARD TELEPHONE SYSTEMS 
W, Lee Campbell Vol, xxxlll—1914, pp. S09-318 

Methods of observing traffic, Description of traffic-recording machine. 
Relative efficiency of trunk groups as shown by traffic recorder, Study 
of loads and determination of grouping of trunks. Charts and equations. 

Discussion, incorporated with that of paper by M, I-I. Clapp on 11 A 
Comparison of the Telegraph with the Telephone as a Means of Com¬ 
munication in Steam Railroad Operation.” 

A COMPARISON OF THE TELEGRAPH WITH THE TELEPHONE AS A MEANS OF 
COMMUNICATION IN STEAM RAILROAD OPERATION 
M. H. Clapp Vol. xxxlll—1914, pp. 319-338 

Brief historical description of the use of telegraph and telephone on 
railroads. Description of typical railroad telegraph system, Cost and 
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method o£ operation. Discussion of advantages and disadvantages of 
telegraph for railroad work. Description of typical railroad telephone 
plant, cost and method of operation, followed by discussion of advantages 
and disadvantages, Comparison of telegraph with telephone for hand¬ 
ling railroad traffic and business. 

Discussion (including that of paper by W. Lee Campbell), pages 339- 
351, by Messrs, William Maver, Jr., William E. Harkness, R. N. Hill, 
D. P. Grace, John 13. Taylor, W. Lee Campbell, M. I-I. Clapp and Donald 
McNicol. 

General remarks on use of telephone and telegraph on railroads. Use 
of composite telephone and telegraph circuits. Cost of phantom circuits. 
Speed and efficiency of telegraph compared with telephone. 


EXPERIENCE OF PAMFIC GAS AND ELECTRIC CO, WITH THE GROUNDED 

NEUTRAL 

J. P. Jollymnn, P. M, Downing and F, G* Baum Vol, xsxiii—1914, pp, 767-772 

Outline of the distributing system of the Pacific Gas and Electric Com¬ 
pany of California, which operates at 00 kv., the transformers being Y- 
conneetcd, with the neutrals solidly grounded. 

Discussion (including that of papers by Louis F. Blume and Charles 
Forteseue), pages 773-802, by Messrs. Guido Semenza, F. F. Brand, W. 
W. Lewis, V. M. Montsingcr, C. M. Davis, L, F. Blume, H. S. Osborne, 
F. 11. Haskell, II. S. Osborne, C. 0, Mailloux, E. E. F. Creighton, John B. 
Taylor, F. C, Green, P. M. Lincoln, D. W. Roper, F, W. Peek, Jr„ J. R. 
Wertl), C. L, Forteseue and Max H. Collbohm. 

Summary of transformer connection practice in Italy. Classification 
of high tension transmission systems of the world on basis of star and 
delta. Operating results of six great transmission systems. Results of 
tests on effect of capacity and inductance upon third harmonics in star 
auto-transformers. Comparison of star and delta from point of view of 
telephone disturbances. The problem of insulating transmission lines. 


A HIGH-SPEED PRINTING TELEGRAPH SYSTEM 
Carl Kinsley Vol. xxxlll-i9U, pp. 1M3-125S 

Description of a system of high-speed printing telegraphy devised 
by the author. Brief mention of a number of high-speed systems which 
have been tested by the operating companies, none of which have com¬ 
pletely fulfilled all the requirements for accuracy, rapidity and low 
cost desirable for commercial work. 

Discussion, pages 1254-1261, by Messrs. C. R. Underhill, Ralph W. 
Pope, George S. M.acomber and Carl Kinsley. 

Underhill printing telegraph. Additional information on the Kinsley 

system. 


TOLL TELEPHONE TRAFFIC 

An Experimental Study of the Relationship between Circuit Leads and Delay te Tra.fle 
" „ , Vol. xxxill—1914, pp. 1263-1270 

Frank V. Fowlo 

Description of experiments to determine the relationship between 
telephone circuit loads and the corresponding delay to traffic. 
Discussion, pages 1271 and 1272, by Mr. J. Lloyd Wayne, 3rd. 
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REPORT BY THE JOINT COMMITTEE ON INDUCTIVE INTERFERENCE TO THE 
RAILROAD COMMISSION OF THE STATE OF CALIFORNIA 

Vol, xxxiil—1914, PP. 1441-1485 

Brief account of the formation of the Committee, its activities and 
results accomplished and recommendations for rulings by the Railroad 
Commission of the State of California, together with a scientific technical 
discussion in explanation of the results and recommendations. 

Discussion, pages 1486-1508, by Messrs. P. N. Nunn, J. B, Fisken, 
A. H. Halloran, A. J. Bowie, Geo. S, Humphrey, J. C. Martin, L. J. 
Corbett, Chas. P. Kahler, L. T. Menvin, C. E, Rogers, A. J. Bowie, Jr. 
and A. H. Babcock. 

Criticism and defense of the rules. Question of partisanship in the 
drafting of the rules. 

SUBMARINE SIGNALING ' 

The Protection of Shipping by a Wall of Sound end Other Uses of the Submarine Telegraph 

Oscillator 

R. F. Blake Vol. xxxiil—1914, pp. 1549-1601 

Dangers of the sea. Outline of development of underwater signaling. 
Description of Fessenden oscillator, and uses to which it may be pllt. 
Report of Capt. Quinan on equipment of U. S. revenue cutter Miami, 
Discussion, pages 1562-1565, by Messrs. W. S. Franklin, H. J. W. 
Fay, Elmer A. Sperry, G. A. Hoadtey, H. A. Horner, George Breed, 
John B. Taylor and J. L. Woodbridge. 

22. MISCELLANEOUS TOPICS 

THE EVOLUTION OF THE INSTITUTE AND OF ITS MEMBERS 
President's Address 

C. 0. Mailloux Vol. xxxiil—1914, pp. 817-838 

STANDARDIZATION RULES 

Vol. xxxiil—1914, pp. 1787-1883 

ANNUAL REPORT OF THE BOARD OF DIRECTORS 

Vol, xxxiil—1914, pp. 1898-1981 


TOPICAL INDEX 


Abbreviations list..... 1 

Acceleration curves, commercial practice, analysis. 1 

Air, dielectric strength. 

effect of frequency. 

investigation. 

Alabama Interstate Power Co., data on transformer connections, 

voltage and capacity. 

Alkaline batteries. (See Batteries.) 

Alternators. (See Generators A-C.) 

Altitude, relation to air density. ] 

pressure. ’ 

Aluminum, cables. (See Cables.) 

elastic limit. 

wire. (See Wire.) 

Amberite, surface resistance. . . 

Amherst Power Co,, outdoor power stations. 

Ammeter, contact making... 

definition..... 

recording, definition.. .. .. 

Anchor windlass, power requirements, battleship Moreno . 

Anemometer, electric.. • • ..\.' 

Appalachian Power Co., data on transformer connections, voltage 

and capacity. 

pole design. 

transmission report. 

Arc, mercury vapor. 

welding. (See Welding.) 

Arehoid for motor acceleration. 

Armatures, current density. 

flux density.... 

Au^SaUe Elec? C Bo P , n data on transformer connections voltage and 

capacity. 

isolated delta experience. 

Austenite, definition......... •• •;. 

Auto transformers. (See Iransformei Auto.) 

Balancer, definition. 

Base energy, definition—. 

Batteries, bibliography.. 

d. c. wiring diagram ■ •; ■ • • ■ • .. 

storage, alkaline compared with lead.. 

disadvantages—. .. .. 

operation cost vs. lead. 

vs. lead._.... 

d. c. distribution station. 

electrode life.. .. .. 

for mine lamps operation, cost. 

for portable lamps. • ... ‘' 'one 

lead, operation cost vs. alkaline. 

mine locomotive... 
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'Battleship, applications of electric energy. 1674 

Moreno, electrical equipment... 1669 

Texas, electric cooking test. 662 

steering gear, description. 630 

electric power tests. 840 

power calculations. 634 

Bearing, ball, for mine locomotives. 410 

for mine locomotives.410, 419, 421, 423 424 

roller, for mine locomotives. 410 

Beeswax, surface resistance, tests. 1763 

Bell, submarine. 1662 

Bibliography, batteries. 217 

cables. 216 

distribution for electric railways. 216 

light and power.. 216 

Standardization Rules. 1883 

sub-stations. 217 

transmission systems. 1103 

underground construction. 210 

Big Creek, transmission line, data. 1291 

system, description. 1283 

equipment data. 1290 

history. 1289 

Booster, definition.., 1800 

Boilers, cost. 204 

oil firing, cost. 1178 

plant, cost. 204 

Braking, dynamic, with series motor... 879 

Brightness, definition. 1866 

Broilers, electric power consumption. 663 

Brushes, contact drop. Standardization Rules. 1826 

current density... 361 

Buildings metallic, risk from lighting... 631 

red brick, cost. 80 

rock faced brick and sawed stone, cost... 80 

steel and concrete slab, cost.,... 80 

corrugated iron, cost... 80 

Bushings spark-over voltages effect of altitude.■. 1721 

Buses, (Also see Busbars,) 

e ; m. f, differences. 33 

ring and transfer connections. , 30 

standard arrangements. 26 

Bushing, 85,000-volt design. 1003 

Butte, Anaconda & Pacific Ry. locomotive, description.. .. 1377 

map of electric lines..,1370 1372 

operation, electric. 1100 

delays, investiga- 

i .1 _ -i non 


tion. 1382 


steam, delays, investiga¬ 
tion...,,. 1382 

power plants location. 1374 

profiles.;.. 1373 

■Cable, aluminum, clastic limit. ,.,. .. 1293 

steel core, elastic limit.... . 1203 

tensile strength. 1293 

vveight. 1293 

tensile strength..,..... 1293 

Cables, aluminum, wind deflection for different sizes.. 132 

weight. 1203 

armored, laid direct in ground, cost. 1303 

experience. 1307 

specification... 1304 

use on battleships. 1601 
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Cables ( continued) 

bibliography. 216 

capacitance, Standardization Rules. 1853 

copper, wind deflection for different sizes. 132 

definition. 1846 

electrical tests, Standardization Rules. 1850 

factor-of-assurance. 1207 

safety.,. 1196 

fault, location.. 1311 

heat, dissipation... .. 1305 

insulation resistance, Standardization Rules. 1852 

laying in ground. 1303 

locating faults. 278 

low-voltage, recommended test. 1194 

standard stranding. 1848 

Standardization Rules. 1846 

steel, elastic limit. 1293 

tensile strength. 1293 

weight.... 1293 

subways, designing. .............. . 

temperature limitations, Standardization Rules. lsou 

terms, definition. •••••■■ ... 

testing maximum voltage, effect of third harmonic. 

three-core, maximum sizes ia use. 225 

underground, service connections. 218 

voltage stress, effect of conductor diameter. list 

stresses formula. jl™ 

testing.. 

apparatus,. .. ii«» 

voltage tests method of making. 

recommended values. I 2 us 

Standardization Rules.. j™ 

Candle, definition. .op- 

power, definition. 

Capacitance, definition. 

Capacity, definition. jggj 

Cars, baggage, weight.... 

passenger, weight.. . 674 

Cedar river, water analysis. 174 c 

Celluloid, surface resistance, tests... e 74 

Cemont, chemical analysis.. • ■ • \. non 

compressive strength, effect of electrolysis. 

salt water mixture.• osu 

effect of electrol¬ 
ysis. 930 

effect of electrolysis on strength.... g 74 

electrolysis, tests. 374 

physical analysis. 457 

ConTrLf Colo de £e 0 r n Co',; data on transformer connections', Voltage ^ 

find capacity.......1763 

ChiHExplo/ation Co., data on transformer connections, voltage 

and capacity.. ,A 15 

Chippewa Valley Ry. Lt. & Pwiy Co., transmission report. 

Circuit, constant-current, advantages.V V V V V . 139 

tolep l hoiie C ftml telegraph, Standardization Rules. ■•■••••• 

Circuit-biea ccis j. ooor< j cr , operation.. • .Jg® 

definition.'■ < . gg 

outdoor substations... 
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Circuit-breakers (continued) 

quick acting, time opening. 

opening, performance.. 

Standardization Rules. 

Crest factor, definition. 

Crossarms, life, practise... 

steel, design Miss. Power Co. 

Current, alternating, definition. 

at absolute zero test..... 

collectors. (See Trolleys.) 
collection, trolleys. (See Trolleys.) 

density, carbon brushes. 

converter armatures. 

copper deposition. 

direct, definition. 

oscillating definition... 

pulsating, definition. r . 

residual analysis. 

causes.. 

definition. 

prevention. 

short-circuit, calculation. 

formula, inductive circuit. 

maximum. 

sinusoidal, definition. 

voice, frequency... 

Cycle, definition. 

Cymometer, definition. !!.!.'!.'!!!!!!!!!!!!!!! 

Coal bridge hoist, power requirements. 

hoisting speed.' \' 

power requirements. 

rack motor controller.. 

power requirements. 

trolley power requirements. .. 

handling equipment, cost. , 

mines, (Also see Mines,) 

hoist control. 

locomotive controllers. 

pump motor control. [ ” ’ ’ [) ’ ’ 

uses for motors. 

ventilation fan motor control.T ' 

Colorado Pwr. Co., experience, isolated delta. 

Committee Inductive Interference, definitions of terms. 

early work.,. 

future work, outline. 

list of reports. 

membership. 

report, Calif., criticism. 

report to Railroad Commission 

_ . of California. 

Institute. (See Institute.) 

Rubber Insulation Manufacturers and Users of Rub¬ 
ber Compounds, report. 

Communication circuit, definition. 

Commutation, heavy currents.... 

Commutator, construction. \' 

machines, classification.,. 

slotting practice... 

Compensator, d. c,, definition. 

Concrete, effect of electrolysis on strength.. 

electrolysis test.. 


1547 

1529 

1854 

1794 

1047 

1000 

1703 

1004 


301 

301 

17 

1793 

1793 

1793 

1401 

1404 

1447 

1409 

44 

51 

40 

1793 

1459 

1793 

1125 

880 

880 

873 
870 
877 

874 
204 

373 

372 

371 

308 

309 
777 

1.440 

1442 

1457 

1482 

1507 

1487 

144.1 


1707 

1440 

2 

3 

1801 

427 

1800 

072 

074 
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Condenser, aluminum cell. 297 

calibration. ® 5 . 

cost. 204 

variation with frequency. "62 

Condensing tunnels, cost. 204 

Conductors, definition. 1°’° 

deterioration. 169“ 

explanation.. inn 

for long spans. 

stecl-core aluminum, experiment. 

stranded, definition. 

with zero resistance. iuu<1 

Connecticut River Transmission Co., data on transformer connec- 

Lions, voltage and capacity. „„„ 

Contactors for mine service... ' 

Control, by concatenation, wiring diagram. X— 

pump motors for mines. g^g 

ran motor... g ^2 

hoist._. 073 

equalizer system.. 

rolling mills, by concatenation.• ■ • ^ 

Controllers, explosion proof.... 272 

locomotives for mines. 207 

mine duty. 374 

moisture proof. 

Converter, cascade, definition. 4334 

cl. c., definition. 4300 

definition... 4801 

frequency, definition. 1801 

Iihase, definition... - - . 353 

synchronous, GO-cycle modem practice... 0 3 

commutation, heavy currents.... 

commutating pole effect on output. 

definition..; ■;-•■ •: • ‘ V 1 ‘ j ’ 

drooping, cliaVactenstic method ot oh- ^ 

J 3 -. 1 " 10 ®.,! . 358, 362 434 

efficiency. 350 

field dampers practice. 333 

flash-over test. 226 

large sizes........ 357 

oscillation period.,... . 446 

over-compounding feature. 4 gQ 

performance on mine loads.,. .. 

protection against short e T^V ts -;; ' and 
protected with quick acting breakei and ig ,^ 

recorder. 7 .. 4543 

reactance in leads, tests. 355 

six-phase, heating. 330 

specification.... 434 

starting conditions.’ ‘ 4521 

use with reactors. 434 

vs. motor-generators^. ;;;; 445 

rooKing, u battleships equipped. . 672 

compared with gas. 672 

costs. 671 

disadvantages. ''[ . 659 

top surface^power consumption. ;;;;;;;;; 670 

gas flame, power production. ■■ ■■• . 672 

oil, cost.. ’ 
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Copper, cables. {See Cables.) 

conductivity, Standardization Rules .. 10Kn 

elastic limit. . 

electrolytic, cost... 

deposition, data_.in ?? 

thicknesses. . 

wire (See Wire.) . 

Cord, definition. 

Corona, cause of wire vibration.[' ] .. 

d. c., apparatus for test.." " Tc^n 

between parallel wires. . 

copper wire,. . 

effect of ionization.I" T!! *! * 1. infir 

moisture. . lfiri 

. ::::::::::::::: ::i646 1649 

wire diameter. ... |«oq 

formula.. ::: -::::-::::::: ;|| 

low pressures.’. 

. stu ^.,. ;;;;;;;;;;;;;;. 

d, c„ variation in appearance. . ! 

e. m. f. measurement. . 

effect of air density.... 

frequency.i . . nso 

energy distance equation. . 

high-frequency. nno 

investigation at various frequencies.’.. ora 

ionization by impact theory, application. 

losses a. c. formula. . . 

d. c. formula..'.■" 

negative characteristic. !!!!!]] . !nro 

Darau| J U8 % of f mi f 1Hara P ere sel ' ies 'transformer.682 
theor wne ’ efteot of spacing explanation..... 001 

r n =t 0 cU V L SUa Iv^ eeii ’ s ) aw ' derivation.'.'.! i.^ 

Cost, ash handling equipment. Si, 

blastfurnace gas. 204 

boilers. 1174 

coal handling equipment.’.','.!. 

condensers. . 

condensing tunnels,’. ... £04 

cooking electric. *04 

oil fuel. £72 

copper, deposition.. i o 

energy, d.c, vs, a. c. converted to d. c .!. i ? 

Diesel engines, different sizes.... . t , in 

energy, electric, effect of load-factor.7 .'.' !.iirn iin? 

oil engines. ii „i 

on board ship.' ‘. 

production... 

steam engines. . ' . 2 n 

. turbines. n2 

hydroelectric, calculation. . 

-"'■“a mm-jsi-.-.:: .■■"■■■»; 

operation. }is| 

, 01 different sizes'.;;;;; i iso 1181 

gas pioduction, various conditions.... 1174 
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i ’out ( cmiliniud ) 

i'mnulntion:;, Ijuililinj's. 

liyOrnclcel lit: .levelopnient. 

invcslii;aliiiii t power plants. 

1 ayiiij* armon'il cable... 

bicuinntive!!, electric, operation. 

mini', purls. 

steam operation.. 

bi|!P,iiijj.UU7 

railway!!, eleetvie, operation. 

stciuii, operation. 

natural i;u!i. 

nil entile. 

ti!>ctlli>i;niph..... 

pipitti*. 

power plant ImiMiii)’:!,... 

hydroelectric. 

production, power plutiLn... 

railroad tele|>rapli plant. 

telephone plant... 

saw-mills, refuse hunter!!... 

sinkers... 


nwitelie!i, power plant, equipment. 

telegraph line construction.i.1122 

telephone jmi table..... 

line eoieitruetiou.220 

towel:!, structural til, eel . 

transformers ruses. .. HIM 

operation:;. HIM 

repair;!.HIM 

turbine:!, steam.1H1 


operation. 

I.urlin-j'ciiemlnw. 

water lileiili/.alion, ozone.. 

ultra-violet li|>lil 

willin', tiiiw mill:i . 

wood iinprei'uatiou. ... 

I amot,er-eloekwi!;e eonvenlion, tlelinitiou, 


lluuipinj; constant, ilelinilinn. 

I leticieiiry, tlelinition.. 

Iiyilroeleclrie iletiij'ti, ealculalioiii!. 

I)ej.;ree, map, untie, ilelinition ... . 

I leumtul, ilelinition.850 

factors, apartment!!. 

eliurehe:!.. 

ilelinition. 

homes. 

hospitals. 

hotelii..... 

nianufncttiriin'. 

ollieen. 

mnall atoreii.....• ■ ■■ 

I tepreeiationu, locomotive electric. dm 

power plants... 

steam-electric machinery.. . ....... . 

I tielcetric nlreni'lli, varioilti material (.See name of Material.) 

lentil, nlaiitlan! voltiupiii. 

Standardization Union.. 

voltage maiemremiuil, Stuinltu'iltMilion Rules. 

1 listtinee-limr. eurveii, Kinphic methods.. 

Muilloux melltoil. 

ItmLortion factor, ilelinition... 

I Jiveriiity factor, ilelinition... 


80 

100 

100 

1803 

1302 

418 

1302 

1310 

1323 

1323 

1174 

1181 

1481 

204 

204 

180 

190 

1123 

330 
11144 

204 
204 
341 

331 
841 

80 

095 

095 

095 

1181 

1)78 

204 

1237 

1234 

1304 

1040 

1704 

1872 

1511 

150 

1707 

1700 

235 

235 

1700 

235 

235 

235 
2,35 

236 
236 

1390 

183 

202 


1820 

1828 

1.831 

1073 

1070 

1704 

1707 
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Distribution, 12 , 000 -volt, operation. 

a. c, system.' ’ ’ ' 

bulk supply. 

construction practice. 

frequency choice. 

general service.] 

polyphase, circuit layout.! !! ' 

secondary mains.. 

single-phase, circuit layout. 

substation supply. , 

transformer selection. 

armored cables, laid direct in earth. 

cost. 

circuits, battleship Moreno . 

d. c. surface railways. 

three-wire.] 

standard voltages. 

feeders, protective reactors. r : .j 

heavy currents.' ’ ’ 

fight and power, bibliography.’’ " 

motor service... .... 

power circuits, battleship Moreno . . 

practice, report.' 

railtvay a.c.\'' 

bibliography. 

choice of connections. 

definition. 

elevated. . .... 

fourth rail. 

interurban...[, 

positive feeder system. .. 

purchased energy, choice of connections..,. 

return insulated. 

system design. 

sectionalizing methods. 

star and delta connections, choice. 

steam lines.’ 

system maintenance, cost. 

third rail.... 

three-wire. . 

trolley line construction. 

underground. . 

relation of consumer's apparatus to charges for serv¬ 
ice. 

service, protection problem. 

shipboard, voltage.is03 

street lighting. 

service maintenance problems. 

system, battleship Moreno ... . . . . . . . . . . 

effect of consumer’s apparatus and wiring... 

r, . . Western Canada Pwr. Co,, description. 

Dredges, digging motor requirements... 

dipper, power requirements. 

elevator, digging motor. 

bucket chain, power consumption_ 

power requirements. 

gold, classification. 

electric drive, advantages.j’' 

motor application.’ ' ’ ’ ’ 

operating conditions.\' [[ ||' \ 

power requirements.. 

, squirrel cage vs slip-ring motors.* , ’ * * 

suction, power requirements.’ ’ ’ ] 


1300 

222 

222 

235 

223 

228 

231 

232 
232 
222 
234 

1307 

1303 

1572 

240 
217 
210 

1509 

4 

215 

230 

1576 

211 

201 

215 

809 

1858 

251 
202 
259 

241 
808 

250 
249 
254 
807 
259 

1398 

253 

252 
244 

251 


239 

263 

1595 

266 

262 

1569 

236 

1299 

1411 
1408 

1412 
1410 
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1406 
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1422 
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l iVilaiin iiiml i'i', ilni'miliim... 

ICln'o I rrij'.atiun I’wr, tin., data on transformin' cmnuictions, voltage 

iiinl imparity. 

Ki'niiiuiiien, willin' tut'ldinu,. 

prime movers... . • 

Kllii'ii'in y, ismventional, definition.■■. 

ennverterst, synchronous.8, 9, HfiH, *502 

delinilinn. 

i;i‘aiiiii; for lurhittes. 

I'enerutnrs, a. i;. 

il. e. heavy iium’iit. 

unipolar. 

mm'liiiui deiinitiim. 

iiio|iir-aiiiH , viLl.orfi. 

plunl, liolinilioii.... 

pinvnr plants... 

railway yuiloia.. 

Kanliine cyi'li’, sleniii turbines. 

ivlalioti in ln>u), rontnmipliim. 

mill ml a) inn. . 

thermal, Diesel «iu>;im*:i. 

i;a:i cil)',ine:l. 

lurnmohilos. 

oil riif'inrs..I I’lO 

various priinii movers. 

11 .. 

I tirllimn:, strum. 

will,in'. 

Ptunris type. 

walur wheels.. 

I'll.-i iiiu Inuiiisi.iy, powrr sources, enmpurultve cihcionnes... .9, HI 

size of nail. 

laniri'i's of iliivcl, riimnil for prorosKuti. . 

Klin imlysis. i rimnit.i’il-in inelnl pins of linn insulators..14:51 

illVrl, on stl'implli of eonerelu anil rrincnt. 

Ii'sli; of finiii'til, and ... 

Klinrlloimijtliil.s. (See Mnlciloids.) 

I’lli'i'llotili lrr, ilic.lt, oolini'r.lion formula. 

11, in avi-rai’u value, measurement ... 

Hl'retivc value, .. 

liijilt, clfi'i'livi* at'lual mrusureimml... 

ini'ai.tinuiH'iil., pi'i'canl.ionti. 

with air'j'ap. 

iiphi'ru-t’ap. 

maximum value, meusuirmenl. 

ini-liillil fliu-iil, |U'iik Vlillln. 

with sphere-nap. 

residual, analysis. 

ranees. 

ililinition,.. 

pruvunlioit... 

list' (Inn to switehhi);, i'Unation.... , .. 

pfinitrii:, upplirul.imir, in Imtllesliip Moreno . 

cost, iliil.iniuinal.iou.. 

in steam illation, various lniid-faetors. 

of iirorluulioii, oil untpiuiii. 

strain miRintw. 

lurliiiies. 


rust i hi hoard ship... ■ 

pro'liii fioii uosl. 

ilii'.liiutrir field. 

tilai’inilir liuld. 

litiiiluiition, il. u., mist vs. a. r. 

uliiciunuy, ovur-al! 




1800 

705 

1103 
1158 
1821 

434 

1798 
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9 

9 

9 

1821 

8 

1821 

194 

1802 

1138 

1104 
1558 

1150 

1135 

1183 

1150 

1105 

10 
1135 
1155 
1157 

10 

14 

13 

I 

1435 

(173 

074 

1035 

957 

901 

1005 

990 

923 

023 

957 

1204 

945 

1401 

J404 

1447 

MOD 

139 

1574 

193 

188 

20 

20 

20 

850 

1181 

139 

138 

II 

. 194 














































so 


TOPICAL INDEX 


Engineering, power plant construction, cost. 204 

Engineers, social and civic evolution... .. 820 

Engine, Diesel, cost, different sizes. 1152 

equipment of battleship Moreno . 1569 

thermal efficiency. 1150 

weight, different sizes. 1161 

gas, blast furnace, cost... 1169 

practice. 1167 

capacity limitations. 1143 

cost.1169,1178 1181 

different sizes. 1148 

efficiency characteristic... 1144 

Ford Motor Co., installation. 1170 

fuel consumption. 1146 

maximum size.'. 1142 

operation cost.,. 1178 

overload capacity. 1169 

thermal efficiency. 1146 

weights, different sizes. 1146 

oil, capacity limitations. 1149 

cost. 1176,1178 1181 

different sizes. 1164 

equipment, battleship Moreno . 1508 

fuel consumption. 1150 

operation. 1778 

thermal efficiency.1149 1150 

weight, different sizes.1151 1153 

revolution indicator, electric. 1584 


Exciters, connection for automatic a.c. voLtagc regulation. 1286 

zero regulation.'. 1284 

Exposure, definition. 1860 

Pactor-of-assurance, definition.. 1207 

Factor, reactive, definition... 1796 

Feeders, calculation. 247 

parallel operation, effect of reactors. 1516 

protection. 279 

protective reactors.. 1509 

quick automatic switches.. 278 

. railway, allowable drop..... 247 

design, comments. 245 

reactors, early use. 1536 

Ferrite, definition...;. 467 

Field, electric, cylindrical conductor. 691 

logarithmic distribution. Oil 

parallel, wires, exploration curve. 1004 

surface gradient equation. 507 

surface of wires. 1632 

Flux density, converter core. 361 

series transformer. 677 

luminous, definition..‘_ 1805 

Form factor, definition.... 1794 

Foundations, concrete, cost..... 80 

transmission towers. 107 

Frequency, definition. 1793 

high, advantages insulator testing... 1129 

characteristics c, m. f, from arc generator. 982 

measurement.. 1126 

testing* e. m. f, generation. 074 

vibration of conductors. 071 

leading transmission systems, table. 705 

natural, electric circuit. 139 

voice currents. 1469 
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Furnace, vacuum. 

Fuses, definition. 

Standardization Rules. 

Oas, blast furnace, cost... 

conduction, investigation with milliampere series trans¬ 
former. 

Ilamu, power production for cooking. 

natural, cost. 

producer plant, labor, cost. 

production cost, various conditions.. 

Clearing, turbines, efficiency.. 

Clears, solid vs. split.... 

turbine-driven units, efficiency. 

Generators, n.e., delta circulating current, characteristics. 

connection, advantages. 

efficiency. 

high-frequency. 

induction type, advantages. 

star and delta connections, relative merits. 

star connection, advantages. 

third harmonic, reduction factor.. 

d. c., commutation, heavy currents. 

double-commutator.'. 

efficiency. 

maximum current output. 

turbine-driven for heavy currents.. 

unipolar, turbine-driven. 

definition.. ... 

designed for Navy. 

double-current, definition. 

high-frequency. 

life.'■ 

reactance.... 

Georgia Ry. & Pwr. Co., data on transformer connections, voltage 

and capacity. 

Glass, surface resistance, tests... 

Glyptoi, surface resistance.. 

Grand Rapids Muskegon Pwr. Co., data on transformer connections 

voltage and capacity.•... 

Grand Falls Wtr. Pwr. & Townsite Co., data on transformer con¬ 
nections voltage and capacity...■ 

Great Western Power Co., data on transformer connections, volt¬ 
age and capacity. 

experience with isolated delta. 

tower design. 

transmission report... 

Ground wire, advantages.,.. 

effectiveness, experience. ,••••. . 

in protection of transmission lines. 


Grounded 


support. 

design.,. 
neutral, advantages 


;;;;;;;;.1082 

operation of transmission system.. 

transmission line . 

with transformers. 


auto-transformers. 

effect of resistance. 

on ground. ■■■■ 

residual current, test. 1 

o. m, f. and current. 

telephone and telegraphy disturbances. 

experience, Pacific Gas & Elec. Co.... ■ 

Gyroscope, compass, Anschutz type... 

3 battleship Moreno . 


453 

1856 

1855 

1174 

585 

670 

1174 

1174 

1174 

S) 

428 

9 

813 

811 

9 

953 

8 

803 

803 

728 

2 

3 

9 

3 

6 

6 

1800 

606 

1800 

974 

202 

24 

765 

1750 

1749 

765 

760 

765 

770 

1065 

1014 

1760 

1038 

110 

1062 

1083 

770 
769 
769 
749 
743 
741 

1473 

1465 

771 
767 

1688 

1688 
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Gyroscope, compass (continued) 

description._. 

precession, demonstration. 

Sperrv type.802 

typical equipment. 

U. S. Navy. 

discovery.. . . .. : . 

early serious application. 

for rolling ships... 

practical applications. 

stabilizing cars, first. 

S. S. Ashtabula . 

Warden..: . 

ships, first.. 

Halowax, surface resistance, tests. 

Harmonics, circuit for production-;... 

definition.. 

effect upon series transformers characteristics. 

star and delta connected transformers. 

third, auto-transformer, analysis. 

effect of reactance. 

causes,..,.. 

constant-current effects. 

effect of maximum voltage. 

elimination in transformers. 

in star connection, cause. 

in three-phase system... 

reduction factor for generator. 

Heaters, convector type, design. 

vs. radiant type. 

deflector design... 

electric, distribution of dissipated heat. 

test on submarine, .... 

open coil vs, enclosed coil.. 

radiant, advantages.. 

type vs. convector type.... 

type, design. 

resistor, design.. 

Heating electric, advantages,.. 

convection type. 

disadvantages. 

power consumption. 

radiant type. 

staterooms. 

tests, University of Nebraska.. 

Navy. 

Standardization Rules.. 

Helium, liquid, temperature.... 

Hevea rubber, preparation. 

Hidro-Electrica Espanolo Molinar, data on transformer connec¬ 
tions, voltage and capacity.. 

High-frequency. (See Frequency.) 

Hoist, application of electricity on battleships.■. 

control.... 

equalizer system.. 

gun turrets, battleship Moreno . 

high-speed, choice of motor. 

low-speed, choice of motor. 

variable speed induction motor.’ ,. 

Horn gap arc-over e. m, f, various nir densities. 

Hydroelectric developments, cost.. 

. plants. (See Power Plants.) 

Illumination, definition. 

Standardization Rules. 


1507 
801 

1508 
864 
860 
868 

858 
872 
850 

859 
868 
869 
868 

1763 

582 

1458 

670 

723 

701 

779 

727 
730 

1112 

754 

761) 

725 

728 
842 

853 
849 
842 

840 
852 

854 
863 

842 

843 
807 

841 
071 
843 
841 
847 
851 
059 

1810 

1005 

1770 

705 

1602 

373 

373 

1577 

881 

883 

370 

1727 

1012 

1865 

1805 
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1 nipedunee, definition. 

hmwnshiro Hydro. Klee. Pwr. Ho., data on transformers connec¬ 
tions voltage ami capacity. 

Induction apparatus, classification. 

Institute, Annual Report. 

Committees, Hoard of Examiners report. 

('ode. report. 

of Principles for Professional Conduct 

report. 

Communication, report. 

Constitutional Revision, report. 

Economies, report.. 1 . 

Edison Medal, report. 

Edition, report. 

Educational, report.. 

Electrically Propelled Vehicles, report. 

, Electrochemical, report. 

Electro-physics, report. 

Kip'iiieerinn Data, report. 

Distribution, report. 

Finance, report.. . 

Itidoxinf! 'I'ransaetinns, report. • 

I ndustnnl Power report. 

1. E. C. report... 

I. ilirary, report.. 

Meetiipp; and Papers, report. 

Meuihcrshin report. 

New York Reception. 

Oi'Himizalion Inter, lilee'l. Congress report 

Patent:! report..,.. 

Power, report. 

(ieneralioii report. 

Power Stations, report. 

Transmission, Iiiiuilutor Specification. 

Prime Movers, report... 

Public Policy, report. 

Railway, report. 

Records and Appraisal of Property, report. 
Relations of Consulting Engrs., report,... 

Sections, report,.. 

Standard:., report... 

Technical f.itclureit, report.. 

Telegraph and Telephone, reporL. 

Transmission, report. 

II. S. National, report.’. 

line of FI eel deity in Marine Work, report.. 

Mines, report. 

evolution. 

members, evolution. 

)’resilient'!; address. 

technical committees . 

I mid of future evolution. 

I o .f laments, i lassilicnt ion... 

milliampci'o runent transformer. 

recording. elnssilienl ion.. . ................ 

I nt it national Kiiginverinij Congress Institute Committee, report... 

I trmlatioii resistance, definition.....■■ • ■ • • ■ •• ■ • • • • ■ ■ ■ ■ 

electric machinery Htniulnidisuition Rules... 

iiuileriid, lemtierature limit’!......,. .. ■. •... .. 

| VfilUlH** IMf’UMHTJlIi'flt-i Stl.UlMUnilZlltH.Hl KlUUS...... 

liHnsfnrmrn;, ^. 7 '* 7 

MiiiniiniiJtiirtn linr, incuiininMincy.. 

wi'u!in'r-ju'o'tl, tloIrrioraUnit, tests... 
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Insulator, line, 13,000-volt standard. 

55,000-volt, economy in operation. 

00,000-volt construction. 

breakdown, definition... 

cemented-in metal pins, corrosion.1434 

depreciation effect on operation. 

deterioration in service. 

elimination of defective, method. 

experience in operation.... 

Southern Calif. Edison Co... 

Yadkin River Power Co. 

failures, causes... 

relation to location. 

flash-over, definition.. 

grounded vs. ungrounded pins. 

glass, experience. 

possibilities... 

high-frequency testing, advantages. 

inspection method......... :._. 

investigation with milliampcrc series transformer 

leakage troubles. 

mechanical stresses. 

metal disk, design. 

operating experience. 

pin-type, specification. 

puncture under oil... 

rain tests, specification. 

reliability, factors that affect. 

service failures. . . 

spark-over voltage, effect of altitude. 

test.. 

variation with density. 

specification... 

fo,r testing. 

general. 

limitations... 

surfaceleakage, measurement.. 

suspension, arc-over voltages, various densities. 

clamps and fittings. 

deflections observed. 

of disks. 

factor of safety. 

failure, characteristics. 

experience... 

high-frequency, testing... 

mechanical troubles. 

metal disk, design. 

practical operation. 

precautions in erection... 

service failures. 

, specifications. 

testing electric, specification. 

for porosity. 

high-frequency, advantages. 

troubles from cement expansion... 

probability formula. 

voltage testing. 

pin, combination wood and steel... 

metal, design.. 

Niagara Falls Power Co. . , . ', . 

spark-over e. in, f, effect of altitude. 

temperature limits, Standardization Rules. ,, , 

tension, definition. ....... 

testing impulse circuits,.! ' \ \ \ \ ’ ] \ \' ' 


1128 

1429 

1430 
1111 
1436 
1721 

119 
114 

1429 

113 

114 
1701 

112 

1111 

120 
1439 
1438 
1768 
1705 

584 

125 

1735 
152 

1430 
1013 
1112 
1112 
1731 

111 

1721 

1723 

1723 

1107 

1107 

1107 

1120 

1740 

1725 

11(1 

1024 

1.37 

1743 

121 

1031 

1130 

130 
102 

131 
130 
111 

1110 

1110 

1736 
1129 
1733 
1738 

1737 
1004 
1004 
1004 
1721 
1810 

145 

1120 
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Intei-rapli, use. 1083 

mi speeil-linte curves. 1003 

Ionization liy iui|mel. 300 

tiiony. !!!!!!!!!!!!! 333 

density nl mu fiicc of eomluutor. 002 

ctfcct on i!, c. corona. 1003 

pressure. lOfiO 

free, dcmnnslrulitm. 003 

Iron, ullntrnpjc I'nrms. ,107 

clmrenul, Swedish, nmtinctizatimi curves. ‘103 

elect roly lie, cll'cel of lumciiliio; temperature on strcnj’th. ‘103 

clastic limit. <103 

hysteresis loss. <17;j 

iniu'tictiziil.inii curves. <103 

melted in vacuo, iiui};netic properties. 331 

|icriuealiility maximum. 372 

ij'shilivily. 373 

I ensile sli'eiinLlc. <103 

eleclromaonclic properties, invciilij'iitioiis. 331 

nmi'uclizul.ioii curves. <138 

permeability ellycl of aiuiealiii)' temperature. 300 

Iron carl a m alloy, elicit of anaealtiii; Lemiienilurc iipiiii iiLrennl.il... 303 

elastic limit. 303 

cipiililuium ili(i|;nuii. 307 

pimoiietizalion curves. 303 

uHiiiiiilc strcat'l.li. 303 

Imitation. cost of laails. 1028 

|iiimjiiiii; cost. 1028 

Ivory, surface resistance, tests. 1730 

Knlsura (inwa llcnryoltu Kalmsliiki Kaisliu, data oil transformer 

miiiicc!inns, vollai’e ami eniiacily. 703 

l.ani|i accessories, drlinilinti. 18011 

ilelillil.ioii. 1807 

iiiereiuy vapor ipiarlz, water sterilization. 1217 

mine, ilesii'ii. 387 

rei|iiireineiits. 380 

operation cost... 303 

portable electric. 383 

mines o|ieration practice. 302 

rcipiireinciits. 307 

litnrai'e luittery. 387 

Lumps, seatrli. (See Search Lamps.) 

tunnst.cn, 2(l-voll, ililliculty. 1000 

ultra-violet lif;hl. 1230 

ray. 1223 1230 

l.istil, butteries. (See llalteries.) 

l.i aliiiHe, surface, ili'linition. 1738 

Leliij'h Coal iS- Ntiv. (hi., ilttlu mi transformer emineethms, voltage 

ami eapscity. 703 

l.il’ht, iiltra-vinlel, Imeteririilal action. 1221 

chemical relictions. 1121 

decree of contact with i;erms. 1223 

t/ermicitlal action, effect of lurliiility.1231 1233 

lumps. (See Lumps.) 

mercury vapor tpiurlz lamps. 1233 

ipniiitilative niemmrenient. 1218 

sterilization apparatus. 1223 

of water. 1217 

otieralinti (lata. 1230 

plants eiierjjy consumption. 1220 

typical. 1228 

water treatment cost. 1233 
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Lighting, street, constant-current, advantages. 268 

distribution systems. 266 

series system reason for. 276 

system battleship Moreno.... . 1507 

Lightning arresters, aluminum a.e. 206 

cell, present status. 293 

d. c. characteristics... 295 

in hot climate. 68 

outdoor operation. 68 

power factors, various frequencies... 305 

charging current disturbances. 279 

definition. 1850 

electrolytic, effect of heat. 94 

illumination. 301 

on same pole. 703 

outdoor substations... 58 

railway circuit. 243 

telephone circuits on high-tension pOles. 1046 

transmission line practice,.. 1038 

vacuum telephone protection. 1094 

cloud, explanation. 630 

current, high-frequency, disturbances.., 303 

discharges,investigation. 520 

unidirectional. .641 543 

disturbances, transformers, effect of connections. 702 

dynamic inductive effects. 534 

frequency.....294 637 

hazard, hay barns. 538 640 

metallic buildings. 531 

non-metallic buildings. 531 

investigation with oscillograph. 522 

oscillograms..’.. 523 

probability of being struck. 530 

progressive breakdown... 520 

protective systems, recommendation. 534 

protection for buildings, investigations. 510 

investigation. 628 

of transformers.•. 706 

radius of influence of direct stroke.... 123 

rods, conductance. 628 

efficiency..... 627 

function,. 629 

grounding. 628 

protection ratio.V. 627 

secondary effects, investigation. 532 

transformers troubles, experience. 091 

troubles with transformers, records. 090 

Load characteristics, light and power system. 177 

traction system. 176 

connected, definition. 1797 

curve, Mexican Lt, & Pr. Co. 1079 

factor, automatic improvement. 888 

definition...■. 1790 

effect on competition of central station with isolated 

plant._.;. 860 

cost of electric production.1169 1101 

lumber mills., . 1303 

mine sub-station. 449 

power plants. 104 

saw-mill..1333,1369 1363 

inductive, definition. 1795 

non-inductive, definition. 1795 

Locomobiles, performance data... 1183 
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\ 

Locomotives, electric B. A. & I’, dimensions and data. 1378 

railway description. 1377 

depreciation..1301 1309 

evolution. 404 

freight, characteristic curves. 1377 

mine, mine cost of parts. 418 

design features. 415 

development. 403 

dimensions, evolution.413 415 

first. 403 

lubrication. 410 

repair cost. 418 

weights, evolution. 412 

operation, compared with steam. 1382 

repairs, cost.. . .1392-1399 1400 

Standardisation Rules. 1863 


storage battery for mines. 425 

frciglft, electric operation compared with steam. 1386 

maximum weight on drivers, Penn. 1396 

Union Pacific......... 1396 

mine tractive effort, evolution. 413 

steam Mallet typo, repairs, cost. 1400 

repairs, cost.1392 1400 

operation compared with electric....... .1382 1386 

Logging, carriage, power requirements.. 1331 

lift, power requirements. 1330 

cost.. 1317 

electric energy... 1319 

oil fuel. 1319 

wood fuel. 1319 

definition.:... 1316 

extent of field for electric power. 1317 

motor equipments. 1318 

performance. 1318 

power requirements— .. 1318 

railways, electric operation, cost. 1323 

power consumption... 1322 

steam, oil fuel, cost, operation.■ • 1323 

typical profiles... • ■ • 1321 

Los Angeles Aqueduct, data on transformer connections, voltage 

and capacity. 765 

Losses a. c. commutating machines. 1824 

bearing friction. 1825 

brush friction. 1820 

d. c. commutating machines. 1823 

electrical machinery, classification.. ■ 1°22 

field rheostat, definition. 1827 

induction machines. 1824 

no-load.•. 1826 

synchronous converters. 1825 

machines. 1824 

transformers. 1825 

, windage. 1828 

Lumen, definition...... 

Lumber industry, use of electricity. i“i? 

kiln, lay-out.• • ■ ... 1826 

mills, load-factor. 

power-factor... Jjjud 

refuse, fuel value... l"“" 

uses. loon 

Lux, definition.. 

Machinery, electric, classification,. 

dielectric strength tests, Standardization Rules 1828 































































TOPICAL INDEX 


58 


Machinery, electric (continued) 

efficiency, Standardization Rules. 

insulation, electric, Standardization Rules_ 

rotating, classification. 

standards. 

temperature limitations. 

limits, Standardization Rules, . . 
Magnets, plunger. (See Solenoids.) 

Magnetizing force, formula. 

Mahogany, paraffined, surface resistance, test. 

Marble paraffined surface resistance. 

Maximum demand, definition.. 

Maxwell's equation for solenoids... 

Measurements, current transformer.. 

Megger, insulation testing, advantages.’ 

Mexican Lt. & Pwr. Co., data on transformer connections, voltage 

and capacity. 

tower design. * . 

transmission report. 

load curve.'. 


Mexican Northern Pwr. Co., data on transformer connections, 

voltage and capacity... 

Milling, operations, definition. . 

power requirements. ’ ’ 

Mines, coal, uses for motor.. 

electric, locomotive, development.’ 

hoists, control.. . 

lamps, requirements. .... 

locomotive controllers.[ " ’ ’ " 

design features.. 

evolution... \ ’464 

dimensions.. 

lubrication,... ’ 

repair costs...' ’' 

storage battery.’ ’ ’' 

tractive effort, evolution. !!!!,! 

weight, evolution.’ ' 

portable electric lamps. 

pitmp motor control. 

ventilation, fan motor control. ' “ 

Mississippi River Pwr. Co., data on transformer connection, volt¬ 
age and capacity. 

transmission report.. 

Motors a. c. induction, concatenated, rolling mill drive. \ ’ 

wiring diagram. 

drop, definition. 

wound rotor, specification for dredging_ 

d. c, series, braking action. 

characteristic curves. 

for coal and ore bridges. 

series for ore bridge car.’ .. 

definition. . .... 

railway capacity determination. (Also see speed-time 

curves.)... 

characteri sties Standardization Ruies. 

losses, segregation. 

rating. ' [ [ ’ jj ' ] ' “' 

Standardization Rules..isQO 

speed calculation.. 

starting curves, construction .. . [ 

equation.,..’ ’''' ^ j 

used in coal mines. . 


1821 

1880 

1800 

1807 

1810 

1818 

450 

1752 

1752 

1700 

478 

571 

1700 

705 

1082 

1015 

1070 

700 

1824 

1324 

308 

403 

373 

38(1 

372 

415 

415 

413 

410 

418 

425 

413 

412 

385 

371 

300 

705 

1014 

890 

010 

1700 

1412 

870 

874 

873 

874 
1800 

1713 
1802 
1715 

1714 
1880 
1802 
1007 
1000 

308 
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Motor-generator, definition. 

induction starling conditions. 

synchronous, starling conditions. 

vs. synchronous converters. 

for mint! survive.... 

M ultt-rceorder. 

applications. 

Nauu> plate, Standardization Rules. 

Navy, Russian, early uses of electricity. 

U. S. early uses of eleetrie power fur steering. 

eleeirie cooking, praetiee.. 

healing, praetiee. 

gyroscope eumpass.... 

Needle-gap, calibration curves. 

Voltages. 

Niagara l.uelqmrl At (lutarin I’wr. (In,, pule design. 

lower design. 

transmission report. 

Northern Pacific Telegraph system description. 

(>il, entile, cost. 

fuel for rooking. 

transformer, artilieial heating. 

freezing temperature. 

Ontario Hydro. Klee, ('ominission, data cm transformers connec¬ 
tions, voltage and capacity. 

(Ire bridge hoist, power requirements. 

hoisting speed. 

(lower requirements. 

rack motor, controller... 

power requirements. 

trolley, power requirements... 

Oscillations, forced, definition. 

transmission linen. 

l‘'esseiHleii submarine, signalling. 

(hieitlograph, cost. 

in lightning investigation.. 

vibrator construction. 

Output, electrical machines, delinitiim. 

(Iviins, electric, power eommmplioti.(III!! 

(I/.one sterilization apparatus, cost... 

vi*. ultra-violet. 

Lrmdiles. 

water sterilization. 

cost. 

Pacific (las At litee. t'o., data on transformer connections, voltage 

and capacity. 

transmission report. 

Pacific Light At I’wr. t’o., data on transformer connections, voltage 

and capacity. 

Pumilinu, surface resistanee, tests. 

Parallelism, delinilion. 

(’little factor, defmilion. 

energy, delinilion. 

taking device. 

Penrlite, delinilion. 

Peek's law, exiilanaliim of disconliiHiity.. 

Pimnsylvania Water At Power Co., data on trims former connections 

voltage and capacity. 

grounded star, experience. 

tower design. 

transmission report. 

transmission system, eimneclion 
diagram... 
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Period, definition. 1793 

Permeamcter, magnetizing force, formula. 460 

connection. 455 

construction. 454 

Piping, cost. 204 

Phase, definition. 1704 

difference, definition. 1794 

modifier, definition. 1801 

Photometry, Standardization Rules.':. 1806 

terms, definitions. 1808 

Planing mill, lay-out. 1330 

lumber, power requirement. 1336 

operation, classification.. 1326 

Plant, factor, definition. 1790 

Plate glass, surface resistance..]. 1759 

Pole tops construction, Western States Gas & Electric Co... .. . .. 1001 

design, 60,000 volt circuit. 1083 

Mt, Whitney Pwr. & Electric Co,..». 1002 

San. Joaquin Lt. & Pwr. Corp. 1050 

Washington Water Power Co. 1002 

Western States Gas & Electric Co. 1003 

square turn, design. 1062 

A-frame, Niagara Lockport & Ontario Pwr. Co. 1057 

steel, design, Southern Sierras Power Co. 1081 

life, practice. 1047 

preservation, treatment, cost. 1046 

Polyphase, definition... \ j j \ 4790 

Porcelain, aging, experience. 1430 

deterioration.142, i48 140 

in sen ice.■.. HQ 

molecular fatigue...119, 142 , 148 140 

surface resistance, tests. 1,751 

Portland Ry. Lt. & Pwr. Co., transmission report... 1010 

Potomac River, deficiency curves. 107 

duration curves. 107 

Power circuit, definition. 1440 

consumption, battleship auxiliaries. 1574 

broilers electric... 603 

cooking, electric, top surface. 009 

electric heating. 843 

elevator dredges bucket chain.... 1411 

log carriage. 1331 

logging railways. 1322 

ovens, electric. 003 009 

stoves, electric.,. 003 

definition... ' .” 1796 

factor effect on rates. 359 

definition. !.!!!!!!!!!.' 1796 

requirements, battleships. !!!!!!!! 1674 

lumber industry...’ ' “ 1315 

man type, coal bridge..” 873 

rolling mills. 902 

plant buildings, cost. 204 

busbar arrangements.' ’' ' 26 

generator connections. !!!!!! 20 

hydroelectric, cost. !,!!!! 180 

deficiency, stream flow, calculation..... 1,04 

depreciation.. 183 

effect of basis of development upon cost 166 
energy deficiency, determination...... 172 

fixed charges.'.. 183 

flow data..,,,... ,157 

insurance and taxes.’' ,' 183 
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Power plant, hydroelectric (continued) 


effect on develop¬ 
ment.... 1. 168 

proportion of fixed to variable cost. 181 

steq.ni auxiliary............ ■ ,165 

determination...;.;,.. 164 

reserve, cost. 191 

investment cost..... ,. 196 

over-all efficiency. 194 

production cost..... ' 196 

protection vs. regulation.. 34 

steam, cost of operation, calculation.: , . 184 

depreciation. 183 

fixed charges. 183 

insurance and taxes.., . .. 183 

Pressure, barometric standard. 1808 

Prime movers, analj*tical study.,.,. 1123 

cost of operation with load factor. . . ... ,1159 1161 

economics.. ... 1158 

investment and fuel costs. 1158 

items of comparison. 1134 

operation cost various load factors. 1178 

present status. 1133 

pulsation, definition. 1798 

variation... 1797 

Protection devices, practice on transmission lines. 1038 ' 

line transformers. 095 

power plants from short circuits. 23 

relays. (See Relays.) 

transformers.. .... 706 

vs. regulation in power plants. 34 

Puget Sound Traction Lt. & Pwr, Co., transmission report.. 1016 

Quarter-phase, definition... 1796 

Quartz;, surface resistance tests.. ..... 1750 

tubes for ultra-violet light. 1240 

life. 1240 

Radio, communication, Standardization Rules. 1876 

terms, definition...... 1876 

Railroads, electric intorurban, a. c. distribution... 261 

electrified a. c, distribution. ....... .................. 201 

distribution...269 260 

operation cost compared with steam. 1392 

telegraph, advantages.,. 326 

disadvantages. 326 

plant cost. 323 

systems.■... 320 

typical system.. ., .... 321 

telephone, advantages. 332 

i disadvantages. 335 

plans. 328 

plant... 330 

system... 321 

Railways, electric, advantages of purchasing energy. 1375 

Butte Anaconda & Pacific operation. 1369 

definition of terms.. 1868 

distribution, bibliography... 215 

distribution, working conductor, Standardization 

Rules..;. 1868 

elevated, distribution system. 251 

intorurban, distribution., .. 259 

operation, compared with steam1382 
Standardization Rules. 1858 
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Railways, electric (continued) 

underground distribution system. ; . 

logging, power requirements. 

typical profiles.... 

steam, operation cost compared with electric.1382 

Rankme cycle, efficiency, steam turbines.:. 

Rates, electric energy, Minidoka project. 

Reclamation service. 

keeping down peaks.. 

. effect of consumers apparatus on service charges. 

Rating, classification. 

continuous, definition. 

electric locomotives’, Standardization Rules_ 

electrical machines. 

equivalent, test. 

railway motors, Standardization'Rules. ................ 

short-time, definition. 

units, standard.*. 

Reactance, coils. (See Reactors,) 

effect on short circuit currents, formulas. 

generators. 

in exciter circuit...[ ’ ] ’ ] ’ ' 

iron core objections. 

Reactive factor, definition. 

volt-amperes, definition. 


Reactor, busbar, advantages.. 

effect in reducing short-circuits. . . ,29, 30 

classification of uses in protecting power plants... 

definition..X 7 Qg 

effect on short-circuit currents, formulas. 


Reactors, feeder, analysis of effects.. 

effect on parallel operation,... 

short circuits. 

necessity. ...' i 

for protection of power plants. !!.'.!! 

generator, leads. 

effect in reducing short circuits. 

protection, comments... 

in converter leads. 

exciter circuit, tests.'. "!!!!!!!!!■! 

feeders. 

tie lines between stations. 

insulated windings.\ 

insulation of conductor. ... !!!!!!!'!!!!!!."! 

iron core objections. !!!!!!!!!!!!!.'!.' 

methods of use in protection, comparative table.,!!!!.’! 

protective, best arrangement. ’ 

converter leads, tests. !!!!!!!! 

definition. 

feeder, early use.' ’ 

for converter..... 

feeders circuits.! 

in buses.. 

practice. 

railway substations. 

requirements.’, ‘‘" 

Standardization Rules.’ j ' [ ’ “ ’ 

use in power station...’ ’ ’ “ ] [ [' " 

without iron core. 

sectionalizing.... 

used with synchronous converters. ' 

counter m .m. f. coil. . 


252 

1322 

1321 

1392 

1138 

1613 

1615 

887 

239 

1800 

1800 

1863 

1807 
1800 
I860 
1800 

1808 

44 
24 
■ 50 
1540 
1796 
1796 
32 
31 

24 
1805 

44 

1510 
1616 

1511 
1510 

23 

27 

28 

46 
1524 

60 

41 

25 

1530 
1639 
1540 

40 

52 

1543 

1860 

1635 

1531 
1600 

64 

1040 

1527 

47 
1850 

48 
1540 

26 
1521 
1546 
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Reclamation service, Boise project. 1020 

development methods,.. 1610 

electrical features...’ 1609 

hydroelectric development, costs. 1618 

. , table. 1617 

market for electric energy. 1610 

Minidoka project. 1620 

power plants operated, table. 1611 

Salt River project. 1019 

steam plant development. 1623 

Williston pumping plant. . , 1623 

Resistance, surface, definition. 1748 

various materials. (See name of Material.) 

Recorders automatic. 283 

Recording instruments. (See name of instrument.). 

Recorders automatic use in central station operation. 288 

Reflection coefficient^definition. 1867 

Regulation, automatic, transmission lines.1284 

converters, synchronous. 301 

definition.’’ 1836 

tests, Standardization Rules.’, ’ 1838 

voltage, automatic a. e., system. 1286 

classification. 1806 

vs. protection in power plants. 34 

Relays, over-load, practice in use. 1026 

reverse-power, tests.270 

use.1007 

Resistance, at absolute zero test. 1004 

definition. 1746 

Resistors, definition. 1798 i860 

for mine locomotives... 4 H 

open coil vs. enclosed coil. 852 

units, design.. 843 

Rheostats, liquid for mine service. 377 

Right-of-way, easement vs. ownership..], 141 

obtaining. 106 

Rio Janeiro Tramway Lt. & Pwr. Co., data on transformer connec¬ 
tions, voltage and capacity. 705 

Rivers, flow data. 167 

stream flow, deficiency calculation. 104 

Rolling mill, concatenated induction motor drive. 899 

concatenation of motors. 913 

steam, tests. 901 

Rubber, analysis specifications. 1774 

composition. 1770 

compound analysis.•. 1774 

30% I-Icvea, specification. 1784 

crude, sources. 1770 

grinder, specifications. 1776 

Hcvca 30% specification. 1767 

insulating compound, specification. 1767 

surface resistance, test. 1748 

trees, description. 1770 

Sag-tension, curves, copper, wire. 1053 

Solenoid, design.. . .. 477 

San Joaquin Light & Power Corp., transmission report. 1010 

Sao Paulo Elec. Co., data on transformer connection, voltage and 

capacity. 765 

Saturation factor, definition. 1797 

Saw mill, edger, lay-out. 1337 

power reciuirements. 1336 

first electric drive in Oregon. 1366 

gang-saw, power requirements. 1340 
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Saw mill (continued) 

generallay-out. 1329 

head saw, power requirements.1333 1334- 

lay-out. 1342 

load-factor.1359 1363 

power-factor. 1363 

power requirements.1. 1327 

refuse burners. 1334 

life. 1344 

exhaust system. 1332 

fuel value. 1353 

uses.. 1306 

re-saw, power requirements. 1339 

rock saw, power requirements. 1332 

steam equipment, cost.. 1365 

trimmer, power requirements. 1338 

wiring cost... , . 1304 

Search lamps, connections. 1572 

operating methods. 1593 

mirror efficiency. 1004 

Shawinigan Wtr. & Pwr. Co., data on transformer connections, 

. voltage and capacity. 705 

Shingle, milt, lay-out.,. 1351 

Ship, steering by electricity.... 019 

gear electric power tests. 640 

power calculation;. 634 

Short-circuit currents, maximum. 49 

through reactance, formuta. 44 

forces. 1537 

Sierra-San Francisco Power Co., data on transformer connections, 

voltage and capacity. 765 

grounded star experience. 770 

Signal.equipment, battleship Moreno: . 1580 

Signaling, submarine bell. 1552 

description. 1549 

Fessenden oscillator. 1555 

tests, Fessenden oscillator. 1558 

use of Fessenden oscillator. 1558 

Single-phase, definition.... .. 1795 

Six-phase, definition...; ’ ’ ” ’ 1790 

Slate, Surface, resistance, tests. \ ' \ ’ V ' \ \ 4752 

Sleet, amount allowed for. \ ’ [ ’ i ()8 

Slide rule for train performance calculation.. 1707 

Solenoids, design constant, table. 487 4,39 

formula. 514 

energy curves...’ 507 

inductive exact formula',. . . ’ ’ ^ 510 

leakage pull. 504 

magnetic field exact formula. 510 

maxwell equation pull. 473 

plunger, total pull equation.. .;. 1 . 505 

pull for saturated circuit. 493 

structural pull.’ [[ 504 

with plungers... .. 480 

design formulas. 482 

pull formulas. 482 

Thompson formula. ] ’ 482 

Sound transmission in water, advantages. . ] 155 ] 

Southern California Edison Co., data on transformer connections’ 

voltage and capacity.. 706 

transmission line, experience, re¬ 
port. . 113 

Southern Power Co., data on transformer connections, voltagcnnd 
capacity...;.. • 705 
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Southern Sienas I wr. Co., data on transformer connections, volt¬ 
age and capacity. 

pole design.. 

transmission report.' [ ]’ 

Specifications, various apparatus. (See name of apparatus.) 

material. (See name of material.) 

Speed pulsation, definition. 

time, curves, Castiglioni method.!i704 

comments. 

graphic method. 

Mailloux method. !!!!!!!"!!!!" 

compared with Woodruff., . . 
method of cutting proper portions.. ,. 

slide rule. . 

variation, definition.’ ’' ‘ ’ j... 

Sphere-gap air density, correction factors!!!!!!.!!!!!! . 

^ tests.. 

breakdown, e. m. f. calculation,.' 

calibration curves. 

olfoct of corona on breakdown e. ni. f. . ... 

for e. m. f. measurement.' 

gradient, effect of air density. ..,!!!!! 

temperature. 

high-frequency discharge voltages . 

precautions against oscillations. . . . . . [ 

„ in measuring high e, m. f_ 

Standardization Rules.. . 

spark-over, e ,m. f,, effect of frequency. 

voltages. 

surface gradient, formula. 

table, various altitudes..!, ! ! 

Sphcromcter, specifications........ 

Standardization Rules,bibliography.'!!!.!!!! . 

committees... 

definition.. 

history.. 

Steel, silicon, magnetization curve. .!!!!!! . 

. transformer, magnetization curve. !.!!.!!.. . 

Steering gear, electric, advantages. !!!!!!!!!!!!!!!’. 

battleship Texas . . 

electrical equipment, battleship Moreno. ■ ■ ■ • 

history. 

Pfatischcr, test. !!!!!!!!!!!!!! 

power calculations.! !, 

requirements. !.!!!! 

tests." 

ships, control.'' .. 

steam, for ships. !..!!!!!!!.!! 

, disadvantages. 

Stokers, cost. 

Storage Batteries. (See Batteries.) 

Storm prediction by wireless. 

Stott-Gorsuch method of energy, cost, calculation.....!!!!!!!!!! 

Stoves, electric, power consumption. 

Strand, definition..' ' 1 . 

Submarine signaling. (Sec Signaling.) 

Substations, a. c. .... . 

arrangement of high-tension buses..!!!!!!!!!!!!!!! 

bibliography. 

buildings, general design. ..!.!!.!!!!!!!,!!!!!! 

outdoor and indoor, cost. 

classification.. 


765 

1081 

1016 


1708 

1710 

1716 

1073 

1679 

1680 
.1705 
1710 
1797 
1835 

93'1 
025 

925 
989 
923 
931 

931 
1143 

945 

948 

1833 
943 

1834 

926 

932 
1833 ' 
1883 
1787 
1703 
1787 

464 

464 

623 

630 

1575 

623 

651 
634 

652 
640 

1594 

020 

622 

204 


521 

194 

663 

1840 

227 

82 

217 

70 
80 

71 
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Substation, connection diagram, Penn. Water & Power Co 1078 

d. c., distribution. 210 

wiring diagram. 220 

switchboard, arrangement . ok 

efficiency.... . . 3 ?q 

fed from distribution system, general design 79 

high-tension, general design. . 77 

outdoor vs. indoor . 7X 

in Pennsylvania.. 

indoor, in transmission system!!!.!,!...' . 

vs. outdoor. .r. 4 ' 4 i o, 

location, choice. !!!!!! . ' ° 70 

load-factor.,.... 

location. ;;;;;;;;;;; . 

motor generator vs. synchronous convertors. . 431 

operation organization. " .A 

outdoor, classification by load. 00 

design, considerations.. im 

details. 07 

field in South. !!.'.!!!!. . 100 

lire risk. nf 

in New England. !!.!.’!.'!.' . ni 

Pennsylvania. 7 , 

Middle West. [[[ . on 

large capacity.. A 

objections. .'!.!. . nr 

saving in building cost. . 

small capacity. . 

installations.!. no 

supported on tower. ( ,n 

vs. indoor..o 7 

why not used in Ontario,... . no 

railway. . 

definition. . 

load curves.' 1370 

protection from short-circuit 1 '197 1 wo 

rating of machinery. loro 

use of protective reactors... , iko? 

specification. ora 

transformer, arrangement of apparatus. 83 

wiring diagrams. §2 

underground, attendance. . 4 jo 

ventilation.. 442 

high-frequency disturbance. . 

Surge impedance, definition.. 

transmission lines, produced by switching!!.'.g/m Jni 

_ , sample examples . ..OUU f (8 

Susquehanna River, deficiency curves. . 

duration curves.. fno 

How data.... 

hydrographs.!! !. fen 

Switch, air-break, transient disturbances.'!. , 

automatic quick closing.... 970 

board automatic telephone traffic studies . 900 

composition material. . 

oil vs, air-break.!.','.. . . jf 

Standardization Rules.. *505 

steel construction. . 

. 1593 
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Switches, air-break, effect on inductive interference. Uq fi 

experience on high tension . , 1 find 

opening, oscillogram. U04 

vs. oil. . 

automatic recorder. 5ao 

air-break vs oil. J05 

for mine service. 07J. 

oil, explosion-proof. 001 

,test .. 

failures, experience. ino, 

for outdoor operation.. pi 

freezing temperature. . 

maximum capacity... o-m 

vs. air-break... -.jli 

use on transmission line, . ior 

outdoor substations. ™ 

power plant equipment, cost.'.','.'.'.;!!. 2H4 

Switching, e. m. f. fise, equation. fig 

transmission lines, effects. V07 

Symbols, list. ^ 

photometric, definition.|. Jgy? 

Synchroscope, definition. 1806 

ra a t nd^apacity CtliC C °'’ ^ ° n trans£orlner connections, voltage 

Telegraph compared with telephone for steam 'railroad operation 319 

equipment, battleship Moreno .,,. ififtq 

high-speed printing, Kinsley system . 1043 

line construction, cost. £7? 

characteristics. Standardization Rules.. 1873 

disturbance, effect of transformer connections.. . . 786 

electromagnetic and electrostatic rela¬ 
tive efiect. 789 

interference by high-tension transmission.. . 117 

ca y scs c ..::: 1444 

. . Hues for prevention. 1445 

Morse, evolution. Ioko 

operator capacity. . kji, 

printing, Baudot, speed., 1244 

Hughes, early experience... 1251) 

ICmsloy, description of operation., *. 1245 

operation.. 1260 

Murray, first used in America......... , 1244 

speed. 1244 

Rowland, speed.’ ’ ' ' ‘ ’ ’ "' ] ‘ 4244 

Siemens-IIalske, first used. 1244 

Underhill ..rr a ::::::::::::::; :: : ::: jgi 

railroad, advantages.... ‘ 325 

cost of relaying messages. 325 

disadvantages.’ j j ’ ’ ’' ’ 320 

plant, cost.... , 323 

system. 320 

speed compared with telephone.... 340 

Standardization Rules.' . 1070 

submarine, description. . 1340 

transmission equation.’ 1251 

vs, telephone for railroads.’ j \ ’ [ ’337 33q 

wireless, equipment battleship Moreno . 1686 

Standardization Rules. -1079 

terms, definition. 1079 

writing, Pollak-Virag, first used.'.'.‘ |[ 1245 

speed. 1246 
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Telephone, circuit, definition. 

compared with telegraph for ittemu railroad operation, 

line eiui rats termites, .Standardization Rules. .. .. 

construction cosils...‘I'.SI, ftVtl 

disturbances, client of I'roiindcd neutral. 

transformer enmierlioiiri. 
electronuit'iielie nnd electro static 

relative elVeet. ... 

inductive disturbances report to K. It, t'otnmi.e 

siuti California. 

interference, list of reports of joint eont- 

initlci. 1 . 

power company view point 

interference liy lii(;lt-ten:>ion transmission. 

lines, interference, cutises. 

eonditioiei permit liny paralleli-uu, . 

effect of iiir-ltrcal; swil chinn. 

transpositions. 

residual e. in. f. and I'liirent, dis¬ 
cussion. 

rules for prevention , . 

transformer connect ion';.. 

(late,positions. 

voltage limitation , , 

loadiii)', Standanliz.alion Rules.. 

mi transmission lines dilliriillies. ... 

factors considered 

systems, (tractire.. 

protection with vm niiui ltj;lil.tiiin: arrestei. . 

trunk eliieieney. 

portable cost.'.... 

railroad advantages.. 

diiiadvaiita|<e:i. 

plant.. 

cost. 

systems.... .... 

typical systen. 

speed, com pared with telegraph.... . . 

Standardization Rules. .. 

tmlunnrine. description. 

for soimdiuj;. . 

steering torpedos. 

on Min mi .. 

toll plniit, revenue, factors. 

■ tmllie stndv.. 

trallie nutomatie recorder. 

deliintion... .... 

distribution of trunks... 

Indiliny* time. 

observations.j 

pick load definition.. 

studies... 

study.. 1 

of delaye,.’ ‘ ‘ 

trunk eliieieney. ’ ’ 

jtroiiplnt:. 

vs, tcle>'iu|ili for railroads.’, . ' ’ ' ' ’ " ’ ' 

voice currents, frei|iteiicy. 

wirclesti .Standardization' Rules. 

term::, definition.. 

I emperature, ambient, iiiemuirement,.| ' 

limitation!:, Klundardiznlinii Ruie... 
limits, Slimiliu'ilizatiou Ritlcs. 


Mill 

Itltt 

IS7.I 

;u i 

771 

Vsu 

7MI 

ini 


1 iso 
I Hill 
117 
111 I 
1117 
Him 
1171 

HOI 
if tr< 
l flu 

I UK 

Him 

IK71 
Him 
IlIKH 
fil l I 

hum 

:utu 

aai 

Tf.l 

a;m 

:ims 

Tin 
fil’d 
ff’.'.l 
ft IK 
1K7U 
If. Ill 
I/’.fill 
I Mil 
Ifitltl 
IV. 71 
iniifi 
;iitt 
flllll 
fill! 

:i i ;> 

firm 
ft l ft 
mm 

lllfifl 

IlillH 

ft iv 
air. 
fun 
nr, it 
IKVI1 
IHVll 
IK1I 
I Kit I 
IK ill 
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Tempuratui'H (continued) 

measurement, resistance method. 1814 

Stimdardisuition Rules. 1818 

thermometer method. 1814 

rise, synchronous converters. 'ini 

standard.. . ,2 i 

... „ Stnndardiuiition Rules.'. , oV? 

< eti|uidty!. Wr ' C °" 0,1 connections, voiui' K onnd 

Tensile strength variousmiiteriiiis.’' (See naiiie'of Material '). 7 ° C 

lumtion insulator, definition.. 1 

I almehlornaplithidcnc, surface resistance tests.. i 7 r.'j 

. Iiennometers, Standardisation Rules. , . 

lliinl rail, ilistriltul.i-on. . 

. Standurdisuitiim Rule’s.. .o'r'o 

1 hree-phase, deliiiitiou, ... . J5**" 

Toronto Power li., data on transformer'eonneJti,ins, voltage and 

capacity. . 7(1 r 

towin' design,. 1058 

,,, , . transmission report. . mill 

I orpudo, steering gear. . 

1 owers, anelior, present, practise, ... . .H.jJj 

structural steel, cost. . . tf. 

transmission, lull of materials. 1054 

design, Appalachian Power Co.’ ' KlfiR 

assumptions. 1202 

(Ireal; Western Power Co. lO/iB 

Niagara, Imckport ti Ontario Pwr. 

tlo. t()(5() 

Penn, Water & Power Co.1 1 ( 10(1 

I'nronto Power Co..... mr,« 

Yadkin River Power Co. 1052 

deterioration, experience. 1028 

erection method.. Kjo 

factor of safety.. 1 .. 1:57 iei 

, , . practise.. 1024 

foundations... ] 0 7 

design.. 1070 

galvanising, life. ion 

painting. 100 

selection. jjpj 

... K l ,,: <’ili cations. im 1010 

I raetive ellort, dehnilion. 1U ,., 

slide ..{!$'] 

Train despatching by teleplumu. ...» 2 

n.'siHtaiHHi formula. 1(172 

I miiMfnrmnrs, ml van Laiju grounded neutral. 700 

until, delniitiim.' || ’'[ ] ‘ j' ’ ' ]'' 1805 

economic advantages.. 718 

insulation stresses. 720 

nuu (rut grounding.’ ’ . ’ ‘' ’' ' “ ] ’ j ‘ 720 

011 high- tension line,..[ j ’ 750 

. system.. '.'.I 74fi 

•nirrl lial'lnimie, analysis.. 751 

, , , eB'i'i'l. of reactance.’ 770 

hili'iioufs records.. . . . .. 008 

Imnlc, ellectof dill’ei'enee in ciiuriieieriiiLies. 720 

cases, speeilleation. . 088 

connectiim hoards, lipccilicution. V,.' 01)0 

choice.700 

.elfecl. on disturbance of telephone lines.’ 780 

operation. 725 
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Transformers, connection (continued) 


experience Au Sable Electric Co. 

Colo, Power Co. 

Penn. Water & Pwr. Co. 

Sierra & San Francisco Pwr. 

Co-. 

Yadkin River Pwr. Co._!! 

Italian practice. 

leading transmission companies, tabie... 

practice Great Western Pwr, Co_ 

Standardization Rules.-. 

study. 

, to minimize interference. 

classification.. 

cooling water, waste reduction ,. ■ 
current. (See Transformer Series,) 

cut-out, specifications. 

definition. . f . 

drop definition.. 

delta connections advantage. 

delta-delta compared with delta-star grounded as to 

inductive disturbances. 

connection, third harmonic, cause, 

delta-star connection merits. 

design, improvements. 

efficiency. 

exciting current distortion. !!!!!!!!!!!!!!!!! 

star-connected generator. 

wave form. 

delta connected genera¬ 
tor. 


- . . effect of connections. 

fuse protection. 

hatmonie, third distortion, cause.., 

instrument, definition.. 

Standardization Rules, ,. 

insulation stresses. ' 'yiv 

isolated delta, advantages .".‘. 

, systems line grounds." ’ [ 

lightning disturbances effect of connections 

troubles record.’. 

line,connection boards.'' ’ .. 

design comments.. 

experiences.. 

installed with lightning arresters.!! " " 

on same pole with lightning arresters! 

production. 

lightning protection. '.!..! . 

specifications, ... 

location in substations. \ . 

losses, cost. ;;;;;;;;;;; . 0 ^ 

determination. !!!!!!.'.'!!!’' 

name plate specifications. 

neutral, grounded, effect of ground. . !. 

oil, artificial heating... 

cooled, effect of sunshine. !!!!!!! . 

for outdoor use. . , 

freezing temperature.!. ' . . . 

outdoor operation, practice. 

operation, cost.!'.!'.!’.!604 

oscillation frequency, measurement.. J 

outdoor substations, \ . . . 

polyphase, third harmonic, troubles....!.!,!!!!!! 
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Transformers 


Transmission, 


( continued ) 

potential (See Transformer, sshunt.) 

protection. gg 5 

reliability requirements. .'...!!!!!!! 70S 

repairs, cost..694 695 

selection for distribution, service. 224 

series, calibration methods... [ [.’ 575 

fluxdensity. 577 

milliampere. 671 

applications. '..!!'.!!!!!!'.! 682 

specifications.’ ’' 573 

reactance determination method. 577 

vector diagram. 575 

shunt, wave distortion.. ’ ] ] ’ \ [ * ] 1214 

single-phase connections, Standardization Rules!!' 1842 

star connections, third harmonic, cause. 750 

.and delta connected, effect of harmonics.,!.’ ] 723 

connection, investigation. 711 

merits. 757 

regulating effect. 759 

star-star connection, advantage. 755 

substation, specification. . . . . [ 363 

temperature tests, method of loading.. , . 1819 

three-phase, connections, Standardization Rules..! ! 1843 

transient equations. 560 

water-cooled, for outdoor use. , 03 

testing, Standardization Rules. 1811 

rl. c„ economic radius. 14 

lines, 12 , 000 -volt, operation. 1300 

25,000-volt, specification. 1084 

( 10 , 000 -volt, protection by circuit connections 1281 

150,000-volt, causes of short-circuits. 1287 

zero regulation system. 1284 

advantages grounded neutral. 7(50 

bibliography... 1101 

calculation, data required.1086 

conductors (See Conductors.) 

choice. 100 

constant-potential regulation system.. , 1284 

construction, early experience. 1295 

delta-delta compared with delta-star grounded 

as to inductive disturbances. 787 

entries, design.1073 1070 

experience, high altitudes. 1297 

high-tension problems. 105 

history in the West....!. 124 

inductive interference, list of reports of joint 


insulation, importance. 795 

inconsistencies. 796 

insulators. (Sec Insulators.) 

interference with telephone and telegraph. ... 117 

isolated delta, advantages.. 774 

system, lino ground.” 739 

Italian practice. 773 

lightning protection, factors considered. 1087 

long-span deflections....... I. 1024 

factors of safety. 1024 

present practise.. 1020 

mechanical stresses. 131 

method of connection classification of plants 

in the world. 775 

guarding against sag in one span_ 144 
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Transmission lines ( continued ) 

neutral, grounded at receiving end. 

effect of grounds. 

operation, causes of short circuits ._. 

effect of transformer connections.. . 

factors considered. 

one side grounded. 

practice Europe. 

problems in the West. . .... 

radius of influence of direct lightning stroke... 

railroad crossing, design. 

reduction of wind deflections, method. 

right-of-way, method of obtaining. 

wire crossing. 

sag table, practical use. 

sleet troubles. 

star and delta connections. 

connected, advantages.". 

disadvantages. 

steel-cored aluminum, experiment. 

studies... 

surges produced by switching.668 

sample examples. 

swinging, expedience. 

switching, effects... 

station, lay-out. 

telephone circuits, factors considered. 

disturbances. 

towers (See Towers.) 

_ selection. 

transient phenomena, effect of losses. 

transposition,. 

troubles from insulators.. 

location, practice. 

wind pressure and deflections. 

zero regulation, description. 

practice, Europe. 

railway, star and delta connections, choice. 

systems, 00,000-volt.... . . 

85,000-volt.... 

100,000-volt. \ 

150,000-volts, operation. 

bibliography.(. 

Big Creek, operating experience. 

voltage regulations. 

capacity table. 

circuit diagram, Mexican Lt. & Pwr. Co! 
connection diagram, Penn. Wtr. & Pwr. Co 

leading companies table. 

cutting out load, practice. 

date of opening, table.. 

delta-delta compared with delta-star 
grounded as to inductive disturbance..,. 

Italian practice in connections., 

opening short-circuit, practice. 1 

operating voltage. 

operation, advantages grounded neutral,.! 

effect of transformer connections 
engineering data, committee 

report. ... .. 

. factors considered_ . . . . . . . . . 

Pacific Light & Power Corporation oper¬ 
ation . 1 
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Transmission systems ( continued ) 

railway, definition. 1858 

switching practice. 1025 

tests with various connections. 712 

, t towers, design, Mexican Lt. & Pwr. Co.'. 1082 

1 ranspositions, elTect in reducing inductions. 1474 

effectiveness. \ , ' 1430 

definition.1447 

systems, characteristics.’ 1470 

, . . . new types.! !! 1478 

lraveling wave, definition. 130 

•Trolley construction, Standardization Rules. 1859 

line construction.244 

mine locomotives. 411 

pantograph, current capacity. 1397 

„ lif n.1387 

roller, eurijint capacity. 1388 

, life.... !.!!!!!, 1304 

I'urhincs, steam, 1500-kw. steam consumption. 20 

capacity limitation. 1134 


different sizes. 1141 1142 

efficiency limitations. 1134 

for absorption of peaks. 889 

operation cost. 1178 

‘ overload capacity. ' 1 108 

Rankine cycle, efficiency. 1138 

water rate, different sizes. 1180 

weight, different sizes. 1130 

water, compared with other prime movers. 1155 

economics. 1103 

efficiency. 1150 

Francis, efficiency. 1157 

output c<|nation.v 1155 

vortical, efficiency. 1167 

Turho-ge.nerntors, cost. 204 

Two-phase, definition. ’ 1795 

Ultra-violet light sterilization of water. 1217 

rT , , vs. ozone. 1235 

Underground construction, bibliography. 216 

Units, photometric definition. 1870 

Utah Pwr. ft Light Co., data on transformer connections, voltage 

and capacity. 795 

Vectors, active, definition.;. 17 G 4 

definition. 1704 

Ventilation, electric machines, classification. 1803 

substation underground. 432 

Vessels. (See Ships.) 

Victoria Falls ft Transvaal Power Co., data on transformer connec¬ 
tions, voltage and capacity. 706 

Voltmeter, crest voltage, definition. 1806 

definition... 1805 

for peak values... 1205 

Kelvin electrostatic, use. 1035 

recording, definition. 1805 

simplex vibrating. 1205 

Washington Water Power Co., transmission report. 1010 

Water sterilization, mercury vapor quartz lamps.... 1233 

ultra-violet, cost. 1234 

wheels, efficiency. 10 

WaUhour-moter, definition. 1800 

Wattmeter, definition. 1806 
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Wave, distribution voltage, test. 

equivalent sine.. 

form, definition.... . 

Standardization Rules_7.]. 

harmonic, causes. [ [ ] . . 

definition.' ] ’ ‘ " ’ ’ • . 

motion analytical solution.77 7]. 

rectangular, reflection... 

relation between current and voltage...777777. 

resistance, definition.77 

ribbon, analysis. 7777777 .. 

_ reflection.7 7 7777. 

sterilizing apparatus for ultra-violet light.7777777 

telegraph transmission, equation... 

traveling, definition.7 77 7 7. 

triple harmonic, causes. 7777777! . 

Western States Gas & El. Co., transmission report.• • • • • 

Welding electric in locomotive repairs.77!. 

Wind deflection for different sizes copper and'aluminum conductors 

in long spans, reduction, method. 

load, amount allowed for. 

Wires, capacitance, Standardization Rules77 7 7 77 !. 

definition..]. 

electric, surface stress formula.7 7! 7 !! 7 " ’ 

electrical tests, Standardization Rules.777. 

insulation resistance, Standardization Rrules. !"'• . 

Standardization Rules. 

stranded, definition...7 7 !!! 7 77 !!! 7 ” ' 

Wood, fuel, cost in logging camp.7.7. 

preservation, cost.. 

‘ , practice. 7777777!’ 

Yadkin River Power Co., data on transformer connections] volt¬ 
age and capacity. 

tower design.. 

transmission line experience.] ] 

report..] ] ] 
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